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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 


1. Life support devices or systems are those which (a) are 2. Acritical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support 
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness. 


vided with the product, can be reasonably expected to 
result in significant injury to the user. 
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INTRODUCTION 


SGS-THOMSON Microelectronics provides a wide range of microcontroller products to suit all major 
application environments. From the high level control of systems (ST9, ST10 and ST20 families), through 
a range of intermediate level products (ST7) to controllers offering the economical solutions to the control 
of small systems. SGS-THOMSON has introduced the ST6 family, enhanced by the multi-purpose CMOS 
technology integrating non-volatile EPROM and EEPROM memories, to continue the level of economy 
initially offered by the COPs family. 


The ST6 family has been developped to suit fully flexible contro! systems, by maximising the features 
integrated onto the silicon and accordingly minimising the number of external dévices required. This brings 
the benefit of reducing the total system cost, very attractive for high volume control equipment among 
consumer, industrial and automotive applications. 


ST62 OVERVIEW 


Devices in the ST62 family are designed to exhibit key benefits for noisy environments, with their excellent 
EMI characteristics. Built-in hardware features minimise the noise generated by MCU operation and provide 
a high immunity to external noise. 


Generation of noise is kept low by the careful control of the output buffer switching speeds and by employing 
an internal serial databus that minimises the number of transistors that switch simultaneously. The 
sensitivity to external noise is minimised by several features including the wide 3 to 6 volt supply voltage 
range and built-in protection diodes in the I/O ports. 


Other major benefits include a full choice of EPROM, OTP and ROM versions to cover all needs from 
prototyping to high volume production; direct interfacing to analogue sensors, LEDs and power loads such 
as triacs and relays with the integral A/D converter and the 20mA output buffers. For user input and 
feedback, ST62 family members also provide efficient keyboard scanning configurations and direct LCD 
display drive. Several family members offer high reliability EEPROM for parameter storage. 


In addition to the EPROM and OTP ROM eduivalent parts (for quick preproduction evaluation and test), 
shortening the critical development phase, reducing the Time to Market is also aided by full-feature 
development support tools: Assembler and Linker, Software simulator, Real-time Hardware Emulators and 
production EPROM programmers (see following tables). 


Display requirements with LCD displays are easily handled (dot-matrix or static up to 4 way multiplex drive) 
by the ST62 LCD driver family members ST624x and ST628x. Brief introductions to these ST62 LCD driver 
MCUs are given in this book, for full information on these products please refer to the ST62 LCD Driver 
databook 1st edition (reference DBST624xFST/1) or a later edition. 

ST6240 QFP80 


ROM RAM LcD EEPROM A/D | LED 8bit SPI 
TIMER ninER 
4 4x45 
ST6242 10 | 6 4 4x40 QFP64 
7 4 
12 0 


| 
8 1 1 

ST6245 ; ae 28 4x24 2 1 QFP52 

ST6280 ae 92 | 1 Pi tt 22 16x48 1 1 QFP100 

[steaas |e [ve [asf - [pe] + [remo [a [ [4 | oreo 


LED =Led or TRIAC driving AR TIMER=Auto Reload Timer SPI = Serial Peripheral Interface 


ST62 PACKAGE 


Be 


ky7 S&S THOMSON 


INTRODUCTION 


Further ST6 family members are dedicated to TV and Satellite tuning control applications (please refer to 
the SGS-THOMSON Video Products Databook, Volume 1 Signal Processing, for further information on the 
S163 dedicated products). 


GENERAL PURPOSE ST62 OVERVIEW 


The General Purpose members of the ST62 family of microcontrollers are Microcontrollers with “standard” 
peripherals encompassing most low-end embedded contro! requirements. It has been seen that nearly all 
equipments involving a control system, from children’s animated toys and novelties to industrial and 
consumer controllers, have benefited from the use of a microcontroller. Not only from the increased ease 
of design, but also with the flexibility for change and upgrade, and system redefinition to differentiate 
between models in a range and against competitors. 


The ST62 General Purpose Microcontroller family gives different mixes of I/O lines, timers, analog to digital 
converters, packages and memory sizes (RAM, ROM/EPROM and EEPROM) to offer a suitable device 
for your application’s needs. To help you in choosing, and to provide a quick route to development, the 
ST62 Starter Kits are low-cost tools providing program development support, even to the extent of the 
included programmers for the equivalent EPROM version. With this, prototypes can be made in the correct 
form factor packaging as the final product, greatly optimising marketing and qualification trials. Thus 
“General Purpose” means here that there is no dedicated application that the ST6 has been designed for, 
the choice is fully open for you, so welcome to the world of the ST62 General Purpose Microcontrollers. 


VO A/D LED 8bit AR 
TIMER | TIMER 
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Tools for ST62xx Family 


DEVICES EMULATOR 
| ROM EPROM/OTP COMPLETE | DEDICATION BOARD PROBE 


ST621X ST62E1XIT1X 

STE22X ST62EQX/T2X included in EMU 
ST621XB ST62E1XB/T1XB ST626X-EMU(3/6V) ST626X-DBE and DBE 
ST622XB ST62E2XB/T2XB 


ST624X-EMU (no probe) 
$T6240-EMU (with probe) cUaenthaas 
ST624X ST62E4X/T4X eeu ST624X-DBE (no probe) ST6242-P/QFP 
$T6242-EMU (with probe) aes 
ST6245-EMU (with probe) 
ST626X ST62E6X/TEX included in EMU 
ST629X ST62ESX/TOX Seco Se cl and DBE 
ST628X-EMU (no probe) : 
ST628X ST62EBX/TBX $T6280-EMU (with probe) §T628X-DBE (no probe) ease 
ST6285-EMU (with probe) 


SIGSGNINEN ST638X-EMU ST638X-DBE Included in EMU & DBE 
ST6369 STE3E69/T69 


ST631XX ST63E1XX/T1XX ST631XX-EMU ST631XX-DBE i 


Tools for ST62xx Family (Continued) 


DEVICES EPROM PROGRAMMER 
| ROM | EPROM/OTP | SINGLE EPROM |COMPLETE GANG| GANG ADAPTOR 


$T6220-KIT/220 
$16220-KIT/110 


ST621X ST62E1X/T1X ST62E1X-EPB/220 ST62E10-GP/DIP ST62E10-GPA/DIP ST6220-KIT/UK 
ST622X ST62E2X/T2X ST62E1X-EPB/110 ST62E10-GP/SO ST62E10-GPA/SO ST622X-KIT/220 
$T621XB ST62E1XB/T1XB ST62E15-GP/DIP ST62E15-GPA/DIP ST622X-KIT/110 


ST622XB ST62E2XB/T2XB 


ST624X ST62E4X/T4X 


$T62E15-GP/SO ST62E15-GPA/SO ST622X-KIT/UK 
ST622X-PWRKIT/50_ 


ST622X-PWRKIT/60 


$76240-KIT/220 
$16240-KIT/110 
S16240-KIT/UK 


ST62E4X-EPB-PC 
ST62E4X-EPB/220 
ST62E4X-EPB/110 


ST62E40-GP/QFP 
ST62E42-GP/QFP 
ST62E45-GP/QFP 


ST62E40-GPA/QFP 
ST62E42-GPA/QFP 
ST62E45-GPA/QFP 


| STS2EG0-GPIDIP | evecce cpnrg, | ST626X-KITI220 
ST626X _| STE2EBX/TX STS2E6X-EPBI20 | STe2EG0-GPISO | SPE N? —| sTe2ex-KIT/t10 
ST620X _| STE2EOX/TOX ST2E6X-EPB/110 | ST62E65-GP/DIP ST626X-KITIUK 
STE2kss-GPISO _—«| = 62EBS-GPAISO 
ST62E94-GPADIP 
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ST62T10B/T15B/E20B/ 
ST627T20B/T25B/E25B 


ST62T10/T15/T20/ 
T25/E20/E25 
ST6260B/ST6265B 
ST62E60B/T60B 
ST62E65B/T65B 
ST623x 
ST62E3x/T3x 
ST6240 


ST62E40/T40 


ST6242 
ST62E42/T42 


ST6245 


ST62E45/T45 


S1T6280 


ST62E80/T80 


ST6285 
ST62E85/T85 
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Page 
Number 
8-Bit HCMOS MCUs with A/D Converter 
8-Bit OTP/EPROM HCMOS MCUs with A/D Converter .... 


8-Bit OTP/EPROM HCMOS MCUs with A/D Converter... . 


8-Bit HCMOS MCUs with A/D Converter, EEPROM & 
Auto-Reload Timer 


8-Bit OTP/EPROM HCMOS MCUs with A/D Converter, 
EEPROM & Auto-Reload Timer 


8-Bit HCMOS MCUs with A/D Converter, EEPROM, UART & 
16-Bit Auto-Reload Timer 


8-Bit OTP/EPROM HCMOS MCUs with A/D Converter, 
EEPROM, UART & 16-Bit Auto-Reload 


8-Bit HCMOS MCU with LCD Driver, EEPROM and 
A/D Converter 


8-Bit OTP/EPROM HCMOS MCUs with LCD Driver, EEPROM 
and A/D Converter 


8-Bit HCMOS MCU with LCD Driver, and A/D Converter .. . 


8-Bit OTP/EPROM HCMOS MCUs with LCD Driver, and A/D 
Converter 


8-Bit HCMOS MCU with LCD Driver, EEPROM and 
A/D Converter 


8-Bit OTP/EPROM HCMOS MCUs with LCD Driver, EEPROM 
and A/D Converter 


8-Bit HCMOS MCU with DOT MATRIX LCD Driver EEPROM 
and A/D Converter 


8-Bit OTP/EPROM HCMOS MCU with DOT MATRIX LCD 
Driver EEPROM and A/D Converter 


8-Bit HCMOS MCU with DOT MATRIX LCD Driver and 
A/D Converter 


8-Bit OTP/EPROM HCMOS MCU with DOT MATRIX LCD 
Driver and A/D Converter 
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Type Page 
Number Number 
ST622x-KIT Starter Kit for ST622x MCU Family 
ST626x-KIT Starter Kit for ST626x MCU Family 
ST6240-KIT Starter Kit for ST624x MCU Family 


ST6-SW Software Development Tools for ST6 MCU Family 
ST6xxx-EMU Real Time Development Tools for ST6 MCU Family 
ST62Exx-EPB EPROM Programming Boards for ST62 MCU Family 
ST62Exx-GANG Gang Programmers for ST62 MCU Family 
ST62-ST63 Programming Manual 
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8-BIT HOMOS MCUs WITH A/D CONVERTER 


PRELIMINARY DATA 


= 3.0 to 6.0V Supply Operating Range 

= 8 MHz Maximum Clock Frequency 

= -40 to +85°C Operating Temperature Range 
Run, Wait, Stop Modes 

5 different interrupt vectors 

= Look-up table capability in ROM 


a User ROM: 1828 bytes (ST6210B, 15B) 
3876 bytes (ST6220B, 25B) 
= Data ROM: User selectable size 
(in program ROM) 
a Data RAM: 64 bytes 
s ROM readout Protection 


= PDIP20, PSO20 (ST6210B, 20B) packages 

PDIP28, PSO28 (ST6215B, 25B) packages 

12/20 fully software programmable I/O as: 

— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 

n 4 1|/O lines can sink up to 20mA for direct LED or 
TRIAC driving 

8 bit counter with a 7-bit programmable prescaler 

# Digital Watchdog and Oscillator Safe Guard 

8 bit A/D Converter with up to 8 (ST6210B, 20B) 

and up to 16 (ST6215B, 25B) analog inputs 

# On-chip clock oscillator driven by Quartz Crystal, 

Ceramic resonator or RC network 

Power-on Reset 

One external not maskable interrupt 

9 powerful addressing modes 

The development tool of the ST621xB, 2xB mi- 

crocontrollers consists of the ST626x-EMU emu- 


lation and development system connected via an 
RS282 serial line to an MS-DOS PC 


Device Summary page 3/67 


(Ordering Information at the end of the datasheet) 
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Vop 
TIMER 
OSCin 

OSCout 


NMI 
Test" 
RESET 


Ain / PB7 
Ain / PB6 
Ain / PB5 


Figure 1. ST6210B, ST6220B Pin Configuration 


PBO / Ain 
PB1 / Ain 
PB2 / Ain 
PB3 / Ain 
PB4 / Ain 


VRO01804A 


Figure 2. ST6215B, ST6225B Pin Configuration 


TIMER 
OSCin 
OSCout 
NMI 
Ain/PC7. 
Ain / PC6 


Ain / PC5 
Ain / PC4 
Test (1) 

RESET 
Ain / PB7 
Ain / PB6 
Ain / PB5 


Vss 
PAO 
PA1 
PA2 
PA3 
PA4 / Ain 
PA5 / Ain 
PAG / Ain 
PA7 / Ain 
PBO / Ain 
PB1 / Ain 
PB2 / Ain 
PB3 / Ain 
PB4 / Ain 


VR001804 


Note 1. This pin is also the V ppinput for EPROM based device. 


Figure 3. Block Diagram 
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1828 Bytes (1) 64 Bytes (=> 
3876 Bytes (2) des ee 1 
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GENERAL DESCRIPTION 


The ST6210B, ST6215B, ST6220B and ST6225B 
microcontrollers are members of the 8-bit HCMOS 
ST62xx family, a series of devices oriented to low- 
medium complexity applications. All ST62xx mem- 
bers are based on a building block approach: a 
common core is surrounded by a combination of 
on-chip peripherals (macrocells). 


The macrocells of the ST6210B, 15B, 20B and 25B 
are: the Timer peripheral that includes an 8-bit 
counter with a 7-bit software programmable pres- 
caler, the 8-bit A/D Converter with up to 8 
(ST6210B, 20B) and up to 16 (ST6215B, 25B) 
analog inputs (A/D inputs are alternate functions of 
I/O pins), the Digital Watchdog (DWD). 


The ST621xB, 2xB are upward compatible with the 
ST621x, 2x. They in addition feature enhanced RC 
oscillator, Oscillator Safe Guard, Readout Protec- 
tion against Piracy and a new External STOP Mode 
Control option to enlarge the range of power 
consumption/safety trade-offs. 


These devices are well suited for automotive, ap- 
pliance and industrial applications. The ST62E20B 
and ST62E25B EPROM versions are available for 
prototypes and low-volume production; also OTP 
versions are available. The only difference be- 
tween these devices are program memory size and 
I/O pin number, following the table below. 


DEVICE SUMMARY 


ee a 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. When 
the QUARTZ/CERAMIC RESONATOR mask op- 
tion is selected, a quartz crystal, a ceramic resona- 
tor or an external clock signal can be connected 
between these two pins. When the RC OSCILLA- 
TOR mask option is selected, a resistor must be 
connected between the pin OSCout and the 
ground. The OSCin pin is the input pin, the OSCout 
pin is the output pin. 


$T6210B-15B-20B-25B 


RESET. The active low RESET pin is used to restart 
the microcontroller to the beginning of its program. 


TEST. The TEST must be held at Vss for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not connec- 
ted). 


NMI. The NMI pin provides the capability for asyn- 
chronous interrupt applying an external not maska- 
ble interrupt to the MCU. The NMI is falling edge 
sensitive. 

On ST6210B, 15B, 20B, 25B the user can select 
as ROM mask option the availability of an on-chip 
pull-up at NMI pin. 


TIMER. This is the timer I/O pin. In input mode it is 
connected’ to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the timer pin outputs the 
data bit when a time-out occurs. 

On ST6210B, 15B, 20B, 25B the user can select 
as ROM mask option the availability of an on-chip 
pull-up at TIMER pin. 


PA0-PA3,PA4-PA7. These 8 lines are organized as 
one I/O port (A). Each line may be configured under 
software control as inputs with or without internal 
pull-up resistors, interrupt generating inputs with 
pull-up resistors, open-drain or push-pull outputs. 
PAO-PAS can also sink 20mA for direct LED driving 
while PA4-PA7 can be programmed as analog 
inputs for the A/D converter., 

Note. PA4-PA7 are not available on ST6210B, 
ST6220B. 


PBO-PB7. These 8 lines are organized as one I/O 
port (B). When the External STOP Mode Control 
option is disabled, each line may be configured 
under software control as inputs with or without 
internal pull-up resistors, interrupt generating in- 
puts with pull-up resistors, open-drain or push-pull 
outputs and as analog inputs for the A/D converter. 
When the External STOP Mode Control option is 
enabled, PBO output Mode is forced as open-drain 
(push-pull output is not possible). The other lines 
are unchanged. 


PC4-PC7. These 4 lines are organized as one I/O 
port (C). When the External STOP Mode Control 
option is disabled, each line may be configured 
under software control as inputs with or without 
internal pull-up resistors, interrupt generating in- 
puts with pull-up resistors, open-drain or push-pull 
outputs and as analog inputs for the A/D converter. 
When the External STOP Mode Control is enabled 
PC7output Mode is forced as open-drain (push-pull 
output is not possible) . The other lines are unchan- 


ged. 
Note. PC4-PC7 are not available on ST6210B, 
ST6220B. 
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ST62xx CORE 


The core of the ST62xx Family is implemented 
independently from the I/O or memory configura- 
tion. Consequently, it can be treated as an inde- 
pendent central processor communicating with I/O 
and memory via internal addresses, data, and 
control busses. The in-core communication is ar- 
ranged as shown in Figure 5; the controller being 
externally linked to both the reset and the oscillator, 
while the core is linked to the dedicated on-chip 
macrocells peripherals via the serial data bus and 
indirectly for interrupt purposes through the control 
registers. 


Registers 


The ST62xx Family core has six registers and three 
pairs of flags available to the programmer. They are 
shown in Figure 4 and are explained in the following 
paragraphs. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used in all arithmetic cal- 
culations, logical operations, and data manipula- 
tions. The accumulator is addressed in the data 
space as RAM location at address FFh. Accordin- 
gly the ST62xx instruction set can use the accumu- 
lator as any other register of the data space. 


Indirect Registers (X, Y). These two indirect regis- 
ters are used as pointers to the memory locations 
in the data space. They are used in the register-in- 
direct addressing mode. These registers can be 


Figure 5. ST62xx Core Block Diagram 


Figure 4. ST62xx Core Programming Model 


b7 XREG.POINTER b0 
) SHORT 
b7 YREG.POINTER b0| | DIRECT 
ADDRESSING 
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W REGISTER 0 
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bi1 PROGRAM COUNTER bO 


SIX LEVELS 
STACK REGISTER 
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INTERRUPT FLAGS 


NMI FLAGS 
VA000423 
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CONTROL 
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PROGRAM 
ROM/EPROM 
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INTERRUPTS 


DATA SPACE 
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DECODER ROM / EPROM 
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ST62xx CORE (Continued) 


addressed in the data space as RAM locations at 
addresses 80h (X) and 81h (Y). They can also be 
accessed with the direct, short direct, or bit direct 
addressing modes. Accordingly, the ST62xx in- 
struction set can use the indirect registers as any 
other register of the data space. 


Short Direct Registers (V, W). These two registers 
are used to save one byte in short direct addressing 
mode. These registers can be addressed in the 
data space as RAM locations at addresses 82h (V) 
and 83h (W). They can also be accessed with the 
direct and bit direct addressing modes. Accordin- 
gly, the ST62xx instruction set can use the short 
direct registers as any other register of the data 
space. 


Program Counter (PC) 


The program counter is a 12-bit register that 
contains the address of the next ROM location to 
be processed by the core. This ROM location may 
be an opcode, an operand, or an address of ope- 
rand. The 12-bit length allows the direct addressing 
of 4096 bytes in the program space. Nevertheless, 
if the program space contains more than 4096 
locations, the further program space can be ad- 
dressed by using the Program Bank Switch register. 
The PC value is incremented, after it is read the 
address of the current instruction. To execute rela- 
tive jumps the PC and the offset are shifted through 
the ALU, where they will be added, and the result 
is shifted back into the PC. The program counter 
can be changed in the following ways: 


- JP (Jump) instruction . . . PC=Jump address 
- CALL instruction PC= Call address 

- Relative Branch Instructions. PC= PC offset 

- Interrupt PC=Interrupt vector 
- Reset PC= Reset vector 

- RET & RETI instructions . PC= Pop (stack) 

- Normal instruction PC= PC + 1 

Flags (C, Z) 

The ST62xx core includes three pairs of flags that 
correspond to 3 different modes: normal mode, 
interrupt mode and Non-Maskable-Interrupt-mode. 
Each pair consists of a CARRY flag and a ZERO 
flag. One pair (CN, ZN) is used during normal 
operation, one pair is used during the interrupt 


mode (Cl, Zl) and one is used during the not-mas- 
kable interrupt mode (CNMI, ZNMI). 


The ST62xx core uses the pair of flags that corre- 
spond to the actual mode: as soon as an interrupt 
(resp. a Non-Maskable-Interrupt) is generated, the 
ST62xx core uses the interrupt flags (resp. the NMI 
flags) instead of the normal flags. When the RETI 
instruction is executed, the normal flags (resp. the 
interrupt flags) are restored if the MCU was in the 
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normal mode (resp. in the interrupt mode) before 
the interrupt. It should be observed that each flag 
set can only be addressed in its own routine (Not- 
maskable interrupt, normal interrupt or main rou- 


. tine). The flags are not cleared during the context 


switching and so remain in the state they were at 
the exit of the last routine switching. 


The Carry flag is set when a carry or a borrow 
occurs during arithmetic operations, otherwise it is 
cleared. The Carry flag is also set to the value of 
the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The Zero flag is set if the result of the last arithmetic 
or logical operation was equal to zero, otherwise it 
is cleared. 


The switching between the three sets of flags is 
automatically performed when an NMI, an interrupt 
or a RETI instructions occurs. As the NMI mode is 
automatically selected after the reset of the MCU, 
the ST62xx core uses at first the NMI flags. 


Stack 


The ST62xx core includes true LIFO hardware 
stack that eliminates the need for a stack pointer. 
The stack consists of six separate 12-bit RAM 
locations that do not belong to the data space RAM 
area. When a subroutine call (or interrupt request) 
occurs, the contents of each level is shifted into the 
next level while the content of the PC is shifted into 
the first level (the value of the sixth level will be lost). 
When a subroutine or interrupt return occurs (RET 
or RETI instructions), the first level register is shif- 
ted back into the PC and the value of each level is 
popped back into the previous level. These two 
operating modes are described in Figure 6. Since 
the accumulator, as all other data space registers, 
is not stored in this stack the handling of these 
registers should be performed inside the subrou- 
tine. The stack pointer will remain in its deepest 
position if more than 6 calls or interrupts are exe- 
cuted, so that the last return address will be lost. It 
will also remain in its highest position if the stack is 
empty and a RET or RETI is executed. In this case 
the next instruction will be executed. 


Figure 6. Stack Operation 
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MEMORY SPACES 


The MCU operates in three different memory: 
spaces: program space, data space, and stack 
space. A description of these spaces is shown in 
the following figures. 

Program Space 

The program space is physically implemented in 
the ROM memory and includes all the instructions 
that are to be executed, as well as the data required 
for the immediate addressing mode instructions, 
the reserved test area and the user vectors. It is 
addressed by the 12-bit Program Counter register 
(PC register) and so the ST62xx core can directly 
address up to 4K bytes of Program Space. ST62 
devices with more than 4K ROM use ROM banked 
program memory (not available on ST6210B, 15B, 
20B, 25B). 


Table 1. ST6210B, 15B Program ROM Memory 


0000h-07FFh Not implemented 
Reserved 


0800h-087Fh 


‘ User Program ROM 
0880h-0F9Fh 1828 Bytes 


OFAOh-OFEFh Reserved 
OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh _| Reserved 
OFFCh-OFFDh ‘ NMI Vector 


OFFEh-OFFFh User Reset Vector 


Rom Protection - 

The ST621xB, 2xB program space can be protec- 
ted against external reading of the ROM contents 
when the READOUT PROTECTION mask option 
is selected. If this option is selected, the user can 
blow a dedicated fuse on the silicon by applying a 
high voltage at Vpp (see detailed information in the 
“Electrical Specification’). 

Note: 

Once the fuse is blown, it is no longer. possible, 
even for SGS-THOMSON, to gain access to the 
ROM contents. Returned parts with blown fuse can 
therefore not be accepted. 


Table 2. ST6220B, 25B Program ROM Memory 


User Program ROM 
0080h-OF9Fh 9872 Bytes 


Reserved 


OFAOh-OFEFh 


OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh Reserved 
OFFCh-OFFDh NMI Vector 


OFFEh-OFFFh User Reset Vector 
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MEMORY SPACES (Continued) 


Figure 7. Memory Addressing Description Diagram 
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MEMORY SPACES (Continued) 


Data Space 


The instruction set of the ST62xx core operates on 
a specific space, named Data Space, that contains 
all the data necessary for the processing of the 
program. The Data Space allows the addressing of 
RAM, ST62xx core/peripheral registers, and read- 
only data such as constants and look-up tables. 


Data ROM. All the read-only data is physically im- 
plemented in the ROM memory in which the Program 
Space is also implemented. The ROM memory 
contains consequently the program to be executed, 
the constants and the look-up tables needed for the 
program. 


The locations of Data Space in which the different 
constants and look-up tables are addressed by the 
ST62xx core can be considered as being a 64-byte 
window through which it is possible to access to the 
read-only data stored in the ROM memory. 


Data RAM. In the ST6210B, ST6215B, ST6220B 
and ST6225B products the data space includes 60 
bytes of RAM, the accumulator (A), the indirect 
registers (X), (Y), the short direct registers (V), (W), 
the I/O port registers, the peripheral data and 
control registers, the interrupt option register and 
the Data ROM Window register (DRW register). 


As the data space is less than 256 bytes the 
ST62xx core can directly address this area and the 
Data Bank Switch register (DRBR) has not been 
implemented. 


Stack Space 


The stack space consists of six 12 bit registers that 
are used for stacking subroutine and interrupt re- 
turn addresses plus the current program counter 
register. 


Figure 8. ST6210B,15B,20B,25B Data Memory 
Space 
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MEMORY SPACES (Continued) 


Data Window register (DWR) 


The Data ROM windowis located from address 040h 
to address 7Fh in the Data space. It allows the direct 
reading of 64 consecutive bytes located anywhere in 
the ROM memory between the addresses 0000h 
and 1FFFh (ifimplemented on the particular device). 
All the bytes of the ROM memory can therefore be 
used to store either instructions or read-only data. 
Indeed, the windowcan be moved by step of 64 bytes 
along the ROM memory in writing the appropriate 
code in the Write-only Data Window register (DWR 
register, location CQh). 


The DWR register can be addressed like a RAM 
location in the Data Space at the address CQh, 
nevertheless it is a write only register that cannot 
be accessed with single-bit operations. This regis- 
ter is used to move the 64-byte read-only data 
window (from the 40h address to 7Fh address of 
the Data Space) up and down the ROM memory of 
the MCU in steps of 64 bytes. The effective address 
of the byte to be read as adatain the ROM memory 
is obtained by the concatenation of the 6 least 
significant bits of the register address given in the 
instruction (as least significant bits) and the content 
of the DWR register (as most significant bits, see 
Figure 8). So when addressing location 40h of 
dataspace, and 0 is loaded in the DWR register, the 
phisycal addressed location in ROM is 00h. The 
DWAR register is not cleared at reset, therefore it 
must be written to before the first access to the Data 
ROM window area. 


Figure 9. Data ROM Window Memory Addressing - 
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Figure 10. Data ROM Window Register 
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TEST MODE 


For normal operation the TEST pin must be held low 
when reset is active. An on-chip 100KQ pull-down 
resistor is internally connected to the TEST pin. 


INTERRUPT 


The ST62xx core can manage 4 different maskable 
interrupt sources, plus one non-maskable interrupt 
source (top priority level interrupt). Each source is 
associated with a particular interrupt vector that 
contains a Jump instruction to the related interrupt 
service routine. Each vector is located in the Pro- 
gram Space at a particular address (see Table 1). 
When a source provides an interrupt request, and 
the request processing is also enabled by the 
ST62xx core, then the PC register is loaded with 
the address of the interrupt vector (i.e. of the Jump 
instruction). Finally, the PC is loaded with the ad- 
dress of the Jump instruction and the interrupt 
routine is processed. 


The ST6210B, ST6215B, ST6220B and ST6225B 
microcontrollers have six different interrupt Sources 
associated to different interrupt vectors as it is 
described in table below. 


Table 3. Interrupt Vector/Source Relationship 


Interrupt Source Vector Address 


Interrupt vector #0 
( 


(Fon 
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Interrupt Vectors Description 


~— The ST62xx core includes 5 different interrupt 
vectors in order to branch to 5 different interrupt 
routines in the static page of the Program Space. 


— The interrupt vector associated with the non- 
maskable interrupt source is named interrupt 
vector #0. It is located at addresses FFCh,FFDh 
in the Program Space. On ST6210B, ST6215B, 
ST6220B and ST6225B this vector is associated 
with the external falling edge sensitive interrupt 
pin (NMI). 

— The interrupt vector located at addresses FF6h, 
FF7h is named interrupt vector #1. It is associ- 
ated with Port Apins and can be programmed by 
software either in the falling edge detection mode 
or in the low level sensitive detection mode ac- 
cording to the code loaded in the Interrupt Option 
Register (IOR). 

— The interrupt vector located at addresses FF4h, 
FF5h is named interrupt vector #2. It is associ- 
ated with Port B and C pins and can be pro- 
grammed by software either in the falling edge 
detection mode or in the positive edge detection 
mode according to the code loaded in the Inter- 
rupt Option Register (IOR). 

— The two interrupt vectors located respectively at 
addresses FF2h, FF38h and addresses FFOh, 
FFih are respectively named interrupt vector #3 
and #4. Vector #3 is associated to the TIMER 
peripheral and vector #4 to the A/D converter 
peripheral. 


All the on-chip peripherals have an interrupt re- 


. quest flag bit (TMZ for timer, EOC for A/D), that 


is set to one when the device generates an inter- 
rupt request and a mask bit (ETI for timer, EAI for 
A/D) that must be set to one to allow the transfer 
of the flag bit to the core. 


Interrupt Priority 


The non-maskable interrupt request has the hi- 
ghest priority and can interrupt any other interrupt 
routines at any time, nevertheless the four other 
interrupts can not interrupt each other. If more than 
one interrupt request are pending, they are proces- 
sed by the ST62xx core according to their priority 
level: vector #1 has the higher priority while vector 
#4 the lower. 

The priority of each interrupt source is fixed. 
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Interrupt Option Register 


The Interrupt Option Register (IOR register, loca- 
tion C8h) is used to enable/disable the individual 
interrupt sources and to select the operating mode 
of the external interrupt inputs. This register can be 
addressed in the Data Space as RAM location at 
the address C8h, nevertheless it is a write-only 
register that cannot be accessed with single-bit 
operations. The operating modes of the external 
interrupt inputs associated to interrupt vectors #1 
and #2 are selected through bits 5 and 6 of the IOR 
register. 


Figure 11. Interrupt Option Register 
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LES = Edge Level Selection Bit 
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D7. D3-D0 These bits are not used. 


LES. Level/Edge Selection Bit. When this bit is set 
to one, the interrupt #1 (Port A) is low level sensi- 
tive, when cleared to zero the negative edge sen- 
sitive interrupt is selected. 


ESB. Edge Selection Bit. When this bit is set to one, 
the interrupt #2 (Ports B & C) is positive edge 
sensitive, when cleared to zero the negative edge 
sensitive interrupt is selected. 


GEN. Global Enable Interrupt. When this bit is set 
to one, all the interrupts are enabled. When this bit 
is cleared to zero all the interrupts (excluding NMI) 
are disabled. 


This register is cleared on reset. 
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Table 4. Interrupt Option Register Description 


Enable all interrupts 
CLEARED | Disable all interrupts 


: SET "| Rising edge mode on 
interrupt input #2 
ESB 
CLEARED | Falling edge mode on 
interrupt input #2 
SET Level-sensitive mode on 
interrupt input #1 
LES 
CLEARED | Falling edge mode on 
interrupt input #1 
OTHERS | NOT USED 


External Interrupts Operating Modes 


The NMI interrupt is associated to the external 
interrupt pin of the ST6210B, ST6215B, ST6220B 
and ST6225B devices. This pin is falling edge 
sensitive and the interrupt pin signal is latched by 
a flip-flop which is automatically reset by the core 
at the beginning of the non-maskable interrupt 
service routine. A Schmitt trigger is present on NMI 
pin. 

The two interrupt sources associated with the fal- 
ling/rising edge mode of the external interrupt pins 
(Ports A-vector #1, Ports B and C-vector #2) are 
connected to two internal latches. Each latch is set 
when a falling/rising edge occurs during the pro- 
cessing of the first one, will be processed as soon 
as the first one has been finished (if there is not a 
higher priority interrupt request). If more than one 
interrupt occurs during the processing of the first 
one, these other interrupt requests will be lost. 
The storage of the interrupt requests is not availa- 
ble in the level sensitive detection mode. To be 
taken into account, the low level must be present 
on the interrupt pin when the core samples the line 
after the execution of the instructions. 

During the end of each instruction the core tests 
the interrupt lines and if there is an interrupt request 
the next instruction is not executed and the related 
interrupt routine is executed. 


Note 

On ST6210B,15B and ST6220B,25B the user can 
select the availability of an on-chip pull-up at NMI 
pin as ROM mask option (see option list at the end 
of the datasheet). 


When GEN bit is low, the NMI interrupt is active but 
cannot cause a wake up from STOP/WAIT modes. 
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INTERRUPT (Continued) 


Interrupt Procedure. The interrupt procedure is 
very similar to a call procedure, indeed the user can 
consider the interrupt as an asynchronous call 
procedure. As this is an asynchronous event, the 
user does not know about the context and the time 
at which it occurred. As a result the user should 
save all the data space registers which will be used 
inside the interrupt routines. There are separate 
sets of processor flags for normal, interrupt and 
non-maskable interrupt modes which are automat- 
ically switched and so these do not need to be 
saved. 


The following list summarizes the interrupt procedure: 

ST62xx actions 

— Interrupt detection 

— The flags C and Z of the main routine are ex- 
changed with the flags C and Z of the interrupt 
routine (or the NMI flags) 

— The value of the PC is stored in the first level of 
the stack 

— The normal interrupt lines are inhibited (NMI still 
active) 

— First internal latch is cleared 

— The related interrupt vector is loaded in the PC. 


User actions 

— User selected registers are saved inside the in- 
terrupt service routine (normally on a software 
stack) 


— The source of the interrupt is found by polling 
(if more than one source is associated to the 
same vector) the interrupt flag of the source. 


— Interrupt servicing 
— Return from interrupt (RETI) 


ST62xx actions 


— Automatically the ST62xx core switches back to 
the normal flags (or the interrupt flags) and pops 
the previous PC value from the stack 


The interrupt routine begins usually by the identifi- 
cation of the device that has generated the interrupt 
request (by polling). The user should save the 
registers which are used inside the interrupt routine 
(that holds relevant data) into a software stack. 
After the RETI instruction execution, the core car- 
ries out the previous actions and the main routine 
can continue. 


Figure 12. Interrupt Processing Flow-Chart 
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INTERRUPT (Continued) 


Table 5. Interrupt Requests and Mask Bits 
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RESET 


The ST6210B, 15B, 20B, 25B can be reset in three 
ways: by the external reset input (RESET ) tied low, 
by power-on reset and by the digital Watchdog 
peripheral. 


‘RESET Input 


The RESET pin can be connected to a device of 
the application board in order to restart the MCU 
during its operation. The activation of the RESET 
pin may occur in the RUN, WAIT or STOP mode. 
This input has to be used to reset the MCU internal 
state and provide a correct start-up procedure. The 
pin is active low and has a Schmitt trigger input. 
The internal reset signal is generated by adding a 
delay to the external signal. Therefore even short 
pulses at the RESET are accepted, provided Vop 
has finished its rising phase and the oscillator is 
running correctly (normal RUN or WAIT modes). 
The MCU is kept in the Reset state as long as the 
RESET pin is held low. 


Ifthe RESET activation occurs in the RUN or WAIT 
mode, the processing of the program is stopped (in 
RUN mode only), the Input/Outputs are placed in 
input with pull-up resistors, the Low Frequency 
Auxiliary Oscillator (LFAO) is stopped and the main 
Oscillator is restarted. When the level on the RESET 
pin becomes high, the initialization sequence is 
executed just after the internal delay. 


If a RESET pin activation occurs in the STOP 
mode, the oscillator starts and all the inputs/outputs 
are configured in input with pull-up resistors. When 
the level of the RESET pin becomes high, the 
initialization sequence is started just after the in- 
ternal delay. 
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Power-on Reset 


The function of the POR consists in waking up the 
MCU during the power-on sequence. At the begin- 
ning of this sequence, the MCU is configured in the 
Reset state: every Input/Output port is configured 
in input with pull-up resistor and no instruction is 
executed. When the power supply voltage be- 
comes sufficient, the oscillator starts to operate, 
nevertheless an internal delay is generated to allow 
the oscillator to be completely stabilized before the 
execution of the first instruction. The initialization 
sequence is executed just after the internal delay. 


The internal delay is generated by an on-chip coun- 
ter. The internal reset is released 2048 cycles of the 
internal frequency after the external reset is relea- 
sed. 


Note: 


When the OSG is enabled, the first pulses to the 
on-chip counter generating the internal delay are 
coming from the Low Frequency Auxilliary Oscilla- 
tor (LFAO), until the Main Oscillator starts running. 


To have a correct start-up, the user should take 
care that the internal reset is not released before 
the Vpp level is sufficient to allow MCU operation 
at the chosen frequency (see Recommended Ope- 
rating Conditions). 


A proper reset signal for slow rising Vpp can be 
generally provided by an external RC network 
connected at pin RESET. 
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Watchdog Reset 


The ST621xB, 2xB provide an on-chip watchdog 
function in order to provide a graceful recovery from 
a software upset. If the watchdog register is not 
refreshed, preventing the end-of-count being rea- 
ched, the internal reset is activated. This, in parti- 
cular, resets the watchdog. The MCU restarts as 
with normal reset from RESET pin nceanG the 
internal delay. 


Figure 14. Reset Circuit i 
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Application Notes 


An external resistor between Vpp and reset pin is 
not required because an internal pull-up device is 
provided. 


The POR device operates in a dynamic manner in 
the way that it brings about the initialization of the 
MCU when it detects a dynamic rising edge of the 
Vpp voltage. The typical detected threshold is a- 
bout 2 volts, but the actual value of the detected 
threshold depends on the way in which the Vbp 
voltage rises up. The POR device DOES NOT allow 
the supervision of a static or slowly rising or falling 
edge of the Vpp voltage. 
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RESET (Continued) 


Figure 15. Reset and Interrupt Processing 
Flow-Chart 
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MCU Initialization Sequence 


When a reset occurs the stack is reset to the 
program counter, the PC is loaded with the address 
of the reset vector (located in the program ROM at 
addresses FFEh & FFFh). Ajump instruction to the 
beginning of the program has to be written into 
these locations. After a reset a NMI is automatically 
activated so that the core is in non-maskable inter- 
rupt mode to prevent false or ghost interrupts du- 
ring the restart phase. Therefore the restart routine 
should be terminated by a RETI instruction to 
switch to normal mode and enable interrupts. If no 
pending interrupt is present at the end of the reset 
routine the ST62xx will continue with the instruction 
after the RETI; otherwise the pending interrupt will 
be serviced. 


Figure 16. Restart Initialization Program Flow- 
Chart 
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RESET (Continued) ; 
Table 6. Reset Value 


Port Data Registers OCOh to OC2h 

Port Direction Register 0C4h to OC6h I/O are Input with pull-up 
Port Option Register OCCh to OCEh I/O are Input with pull-up 
Interrupt Option Register OC8h Interrupt disabled 

Timer Status/Control OD4h Timer disabled 


X, Y, V, W, Register 080h to 083h 

Accumulator OFFh 

Data RAM 084h to OBFh Undefined | As written if programmed 
Data ROM Window Register | OC9h 

A/D Result Register ODOh 


Timer Counter Register 

Timer Prescaler Register Max count loaded 

‘Watchdog Counter Register 

A/D Control Register A/D in Standby, main oscillator ON 


(7 SGS-THOMSON 17/67 
S/A MICROBLECTRONIGS ~ 
31 


ST6210B-15B-20B-25B 


WAIT & STOP MODES 


The WAIT and STOP modes have been implemen- 
ted in the ST62xx core in order to reduce the 
consumption of the product when the latter has no 
instruction to execute. These two modes are des- 
cribed in the following paragraphs. 


In addition, the Low Frequency Auxiliary Oscillator 
(LFAO) can be used instead of the main oscillator 
to reduce power consumption in RUN and WAIT 
mode. 


WAIT Mode 


The MCU goes into the WAIT mode as soon as the 
WAIT instruction is executed. The microcontroller 
can also be considered as being in a “software 
frozen” state where the core stops processing the 
instructions of the routine, the contents of the RAM 
locations and peripheral registers are saved as 
long as the power supply voltage is higher than the 
RAM retention voltage, but where the peripherals 
are still working. 


The WAIT mode can be used when the user wants 
to reduce the consumption of the MCU when it is 
idle, while not losing count of time or monitoring of 
external events. The active oscillator (main oscilla- 
tor or LFAO) is not stopped in order to provide a 
clock signal to the peripherals. The Timer counting 
may be enabled as well as the Timer interrupt 
before entering the WAIT mode; this allows the 
WAIT mode to be left when Timer interrupt occurs. 
The above explanation related to the timers applies 
also to the A/D converter. 


If the power consumption has to be further reduced, 
the Low Frequency Auxiliary Oscillator (LFAOQ) can 
be used (provided the main oscillator has a fre- 
quency higher than the LFAO). It must be switched 
on before entering the WAIT mode. 
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If the exit from the WAIT mode is performed with a 
general RESET (either from the activation of the 
external pin or by watchdog reset) the MCU enters 
a normal reset procedure as described in the RE- 
SET chapter. If an interrupt is generated during 
WAIT mode the MCU behavior depends on the 
state of the ST62xx core before the initialization of 
the WAIT sequence, but also of the kind of the 
interrupt request that is generated. This case is 


‘described in the following paragraphs. In any case, 


the ST62xx core does notgenerate any delay after 
the occurrence of the interrupt because the oscillator 
clock is still available. 


STOP Mode ; 


If the Watchdog is disabled the STOP mode is 
available. When in STOP mode the MCU is pla- 
ced in the lowest power consumption mode. In 
this operating mode the microcontroller can be 
considered as being “frozen”, no instruction is 
executed, the oscillator is stopped, the contents 
of the RAM locations and peripheral registers are 
saved as long as the power supply voltage is 
higher than the RAM retention voltage, and the 
ST62xx core waits for the occurrence of an exter- 
nal interrupt request or Reset activation to output 
from the STOP state. 


If the exit from the STOP mode is performed with 
a general RESET (by the activation of the exter- 
nal pin) the MCU will enter a normal reset proce- 
dure as described in the RESET chapter. The 
case of an interrupt depends on the state of the 
ST62xx core before the initialization of the STOP 
sequence and also of the kind of the interrupt 
request that is generated. 
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WAIT & STOP MODES (Continued) 


This case will be described in the following para- 
graphs. In any case, the ST62xx core generates a 
delay after the occurrence of the interrupt request in 
order to wait for the complete stabilization of the 
_ oscillator before the execution of the first instruction. 


Exit from WAIT and STOP Modes 


The following paragraphs describe the output pro- 
cedure of the ST62xx core from WAIT and STOP 


modes when an interrupt occurs (not a RESET). It 


must be noted that the restart sequence depends 
on the original state of the MCU (normal, interrupt 
or non-maskable interrupt mode) before the start 
of the WAIT or STOP sequence, but also of the type 
of the interrupt request that is generated. 


In any case, interrupts do not affect the oscillator 
selection. When the LFAO is used, the user pro- 
gram must handle oscillator selection as soon as 
the RUN mode resumes. 


Normal Mode. If the ST62xx core was in the main 
routine when the WAIT or STOP instruction has 
been executed, the ST62xx core outputs from the 
stop or wait mode as soon as any interrupt occurs; 
the related interrupt routine is executed and at the 
end of the interrupt service routine the instruction 
that follows the STOP or the WAIT instruction is 
executed if no other interrupts are pending. 


Not Maskable Interrupt Mode. If the STOP or 
WAIT instruction has been executed during the 
execution of the non-maskable interrupt routine, 
the ST62xx core outputs from the stop or wait mode 
as soon as any interrupt occurs: the instruction that 
follows the STOP or the WAIT instruction is execu- 
ted and the ST62xx core is still in the non-maskable 
interrupt mode even if another interrupt has been 
generated. 
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Normal Interrupt Mode. If the ST62xx core was in 
the interrupt mode before the initialization of the 
STOP or WAIT sequence, it outputs from the stop 
or wait mode as soon as any interrupt occurs. 
Nevertheless, two cases have to be considered: 


— If the interrupt is a normal interrupt, the interrupt 
routine in which the wait or stop was entered will 
be completed with the execution of the instruction 
that follows the STOP or the WAIT and the ST6xx 
core is still in the interrupt mode. At the end of 
this routine pending interrupts will be serviced in 
accordance to their priority. 


— If the interrupt is a non-maskable interrupt, the 
non-maskable routine is processed at first. 
Then the routine in which the wait or stop was 
entered will be completed with the execution of 
the instruction that follows the STOP or the 
WAIT and the ST6xx core remains in the normal 
interrupt mode. 


Notes: 


To reach the lowest power consumption during 
RUN or WAIT modes, the user software must take 
care of: 


— configuring unused I/O as input without pull-up 
with well defined logic levels. 


— placing the A/D converter in its power down mode 
by clearing the PDS bit in the A/D control register 
before entering the STOP instruction. 

— stopping Timer external clock 


— selecting the Low Frequency Auxiliary Oscillator 
(provided the main oscillator runs faster). 


When the hardware activated watchdog is selected 
or the software watchdog enabled, the STOP in- 
struction is deactivated and any attempt to execute 
the STOP instruction will cause an execution of a 
WAIT instruction. 


If all the interrupt sources are disabled (including 
NMI if GEN is low), the restart of the MCU can only 
be done by a Reset activation. The WAIT and 
STOP instructions are not executed if an enabled 
interrupt request is pending. 
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ON-CHIP CLOCK OSCILLATOR 


The ST6210B,15B, 20B, 25B provide a Main Os- 
cillator which can be used with an external clock, 
with crystal or ceramic resonator, with a RC net- 
work. In addition, a Low Frequency Auxiliary Oscil- 
lator can be switched on for safety reason, to 
reduce power consumption or to have a fully inte- 
grated clock circuitry. 


The internal frequency is divided by 12 to produce 
the Timer, the A/D converter and the Watchdog 
clock. 


With a 8MHz external frequency, the fastest ma- 
chine cycle is therefore 1.625us. 


The machine cycle is the smallest unit needed to 
execute any operation (i.e. increment the program 
counter). An instruction may need two, four, or five 
machine cycles to be executed. 


Figure 17. Crystal Parameters 


OSCout 


VA00101 


Crystal Parameters: AT-cut Parallel Resonance Crystal 
CO = Parallel Resonance Capacitance 
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Figure 18. Oscillator Connection 


CRYSTAL/RESONATOR CLOCK 
CRYSTAL/RESONATOR mask option 


ST6xxx 


OSCin OSCout 


T 


VA00016 


EXTERNAL CLOCK 
CRYSTAL/RESONATOR mask option 


ST6xxx 


OSCin 


OSCout 
a 


VAOO0A15 


RC NETWORK 
RC NETWORK mask option 
STExxx 


OSCin OSCout 


VA00B15 


INTEGRATED CLOCK 
CRYSTAL/RESONATOR mask option 
OSG ENABLED mask option 


ST6xxx 


OSCin OSCout 


VA00C15 


CL1 = CL2 = 12 to 22pF for a 4/8MHz crystal 
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ON-CHIP CLOCK OSCILLATOR (Continued) 


Main Oscillator 


The oscillator is configured through mask option. 
When the CRYSTAL/RESONATOR option is selec- 
ted, it must be used with a quartz crystal, a ceramic 
resonator or an external signal provided on pin 
OSCin. When the RC NETWORK option is selec- 
ted, the system clock is generated by a RC net- 
work. 


The oscillator can be turned off when the OSG 
ENABLED mask option is selected by setting OS- 
COFF bit of the ADC Control Register. The Low 
Frequency Auxiliary Oscillator is automatically star- 
ted. 


Turning on the main oscillator is achieved by a 
software reset of bit OSCOFF of the A/D Converter 
Control Register or by resetting the MCU. Restar- 
ting the main oscillator takes the oscillator start up 
time plus possibly the duration of the software 
instruction at fLFAo low frequency. 


Low Frequency Auxiliary Oscillator (LFAQ) 


The Low Frequency Auxiliary Oscillator has three 
main purposes. First, it can be used to reduce 
power consumption in non timing critical rou- 
tines. Second, it enables to generate a fully inte- 
grated system clock, without any external 
components. Last, it acts as safety oscillator in 

- case of the main oscillator fails. 


This oscillator is available when the OSG ENABLED 
mask option is selected. In this case, it automat- 
ically starts one of its periods after the first missing 
edge from the main oscillator, whatever the reason 
(main oscillator defective, no clock circuitry provi- 
ded, main oscillator switched off ...). 


User program, normally interrupts, WAIT and 
STOP instructions, is normally processed but at 
the reduced fLFao frequency. The A/D converter 
accuracy is decreased, as the internal frequency is 
below 1MHz. 


At power on, the Low Frequency Auxiliary Oscillator 
starts faster than the Main Oscillator. It therefore 
feeds the on-chip counter generating the POR 
delay until the Main Oscillator runs. 


The Low Frequency Auxiliary Oscillator is switched 
off as soon as the main oscillator starts. 
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Figure 19.0SCOFF Bit in ADC Control Register 


ADCR 


ADC Control Register 
(Dih, Read/ Write ) 


ella 


i See ADC 
OSCOFF 
See ADC 


OSCOFF. When low, this bit enables main oscillator 
to run. The main oscillator is switched off when 
OSCOFF is high. 


Oscillator Safe Guard 


The Oscillator Safe Guard (OSG) enables to dra- 
stically increase the safety of operation of ST62xx 
devices. It has three basic functions. It first filters 
spikes from the oscillator lines which would result 
in over frequency to the ST62 core. Second, it gives 
access to the Low Frequency Auxilliary Oscillator 
(LFAO), used to ensure minimum processing in 
case of failure of the main oscillator, to reduce 
power consumption or to provide a fixed frequency 
low cost oscillator. Last, it automatically limits the 
internal frequency to ensure correct operation in 
case the power supply drops. 


The OSG is enabled or disabled through the OSG 
mask option. It can be seen as a filter whose cross 
over frequency is device dependent. 


Spikes on the oscillator lines result in an increased 
internal frequency. Without the OSG, this may lead 
to an over frequency at the operating power supply. 
The OSG filters such spikes (see Figure 20). Any- 
way, enabling the OSG limits the maximum fre- 
quency to fosg. 


When the OSG is enabled, it gives access to the 
Low Frequency Auxiliary Oscillator. This oscillator 
starts operating after the first missing edge of the 
main oscillator (see Figure 21). 


Over frequency at a given power supply is seen by 
the OSG as spikes. It therefore filters some periods 
in order that the internal frequency of the device is 
kept within both the range the particular device can 
stand (depending on Vdd) and below fsg , the 
maximum authorised frequency with OSG en- 
abled. 


Notes: 
The OSG should be used wherever possible as it 
provides maximum safety. Care must be taken as 


it increases power consumption and reduces the 
maximum authorised frequency down to bse. 
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ON-CHIP CLOCK OSCILLATOR (Continued) 
Figure 20. OSG Filtering Principle 


(1) Maximum Frequency for the device to work correctly 
2) Actual Quartz Crystal Frequency at OSCin pin 


( 
(3) Noise from OSCin 
(4) Resulting Internal Frequency VR001932 


Figure 21. OSG Emergency Oscillator Principle 


Main 
Oscillator 


Emergency 


Oscillator 


Internal 
Frequency 


VR001933 
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ON-CHIP CLOCK OSCILLATOR (Continued) 


Figure 22. Clock Circuits Block Diagram 


MAIN 


OSCILLATOR : Watchdog 


ADC 


Main Oscillator off VR01882D 


Maximum Operating Frequency (fax) versus Supply Voltage (Vpp) 


Maximum FREQUENCY ( MHz ) 


g 


FUNCTIONALITY IS NOT 
GUARANTEED 
IN THIS AREA 
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SUPPLY VOLTAGE ( V,, ) 


@ In this area, operation is guaranteed at the quartz crystal frequency. 

@ When the OSG is disabled, operation in this area is guaranteed at the quartz crystal frequency 
When the OSG is enabled, operation in this area is guaranteed at a frequency of at leastdsg min. 

@ When the OSG is disabled, operation in this area is guaranteed at the quartz crystal frequency 
When the OSG is enabled, access to this area is prevented. The internal frequency is kept at dsc. 


® When the OSG is disabled, operation in this area is not guaranteed 
When the OSG is enabled, access to this area is prevented. The internal frequency is kept at dsc. 
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INPUT/OUTPUT PORTS 


The ST6210B, ST6215B, ST6220B and ST6225B 
microcontroller have respectively 12 and 20 In- 
put/Output lines that can be individually pro- 
grammed either in the input mode or the output 
mode with the following software selectable op- 
tions: 

— Input without pull-up and without interrupt 

— Input with pull-up and with interrupt 

— Input with pull-up without interrupt 

— Analog inputs (PA4-PA7, PBO-PB7, PC4-PC3) 
— Push-pull output 

— Standard Open drain output 

— 20mA Open drain output 


The lines are organized in three Ports (Port A, B 
and C). 


Each port occupies 3 registers in the data space. 
Each bit of these registers is associated with a 
particular line (for instance, the bits 0 of the Port A 
Data, Direction and Option registers are associated 
with the PAO line of Port A). 


The three DATA registers (DRA, DRB, DRC), are 
used to read the voltage level values of the lines 


Figure 23. I/O Port Block Diagram 


SIN CONTROLS 


REGISTER 
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programmed in the input mode, or to write the logic 
value of the signal to be output on the lines config- 
ured in the output mode. The port data registers 
can be read to get the effective logic levels of the 
pins, but they can be also written by the user 
software, in conjunction with the related option 
registers, to select the different input mode options. 


Single-bit operations on I/O registers are possible 
but care is necessary because reading in input 
mode is done from I/O pins while writing will directly 
affect the Port data register causing an undesired 
change of the input configuration. 


The three Data Direction registers (ODDRA, DDRB 
and DDRC) allow the selection of the data direction 
of each pin (input or output). 

The three Option registers (ORA, ORB and ORC) 
are used to select the different port options avail- 
able both in input and in output mode. 


All the I/O registers can be read or written as any 
other RAM location of the data space, so no extra 
RAM cell is needed for port data storing and ma- 
nipulation. During the initialization of the MCU, all 
the I/O registers are cleared and the input mode 
with pull-up/no-interrupt is selected on all the pins, 
thus avoiding pin conflicts. 


- 7] INPUT/OUTPUT 
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INPUT/OUTPUT PORTS (Continued) 


/O Pin Programming 


Each pin can be individually programmed as input 
or output with different input and output configura- 
tions, except PBO and PC7 when the External 
STOP Mode Control option is selected. 


This is achieved by writing the relevant bit in the 
data (DR), data direction register (DDR) and option 
registers (OR). Table 7 shows all the port configu- 
rations that can be selected by user software. 


Input Option Description 


Pull-up, High Impedance Option. All the input 
lines can be individually programmed with or with- 
out an internal pull-up according to the codes pro- 
grammed in the OR and DR registers . If the pull-up 
option ts not selected, the input pin is in the high- 
impedance state. 


Interrupt Option. All the input lines can be individu- 
ally connected by software to the interrupt lines of 
the ST62xx core according to the codes pro- 
grammed in the OR and DR registers. The pins of 
Port A are AND-connected to the interrupt associ- 
ated to the vector #1. The pins of PortB&C are 
AND-connected to the interrupt associated to the 
vector #2. The interrupt modes (falling edge sensi- 
tive, rising edge sensitive, low level sensitive) can 
be selected by software for each port by program- 
ming the IOR register. 


Analog Input Option. The sixteen PA4-PA7, PBO- 
PB7, PC4-PC7 pins can be configured to be analog 
inputs according to the codes programmed in the 
OR and DR registers. These analog inputs are 
connected to the on-chip 8-bit Analog to Digital 
Converter. ONLY ONE pin should be programmed 
as analog input at a time, otherwise the selected 
inputs will be shorted. 


Table 7. I/O Port Options Selection 


| por | on | DR 
poo | o | oO 
ae ee ee 
[eet te ee 


With pull-up, no interrupt (Reset state) 
| Input | No pull-up, no interrupt 
With pull-up, with interrupt 


po fa | pee No pull-up, no interrupt (PAO-PA3 pins) 


| Input | Analog input (PA4-PA7, PBO-PB7, PC4-PC7 pins) 


Figure 24. I/O Port Option Registers 


ORAI/B/C 


: Port A, B,C pean Register 
(CCh PA, CBh PB, CEh PC, Read/ Write ) 


070s] 0s] o4] 08] 02] o1| oa 
PA7 - PAO Option Bits 
PB7 - PBO Opton Bits 
PC7 - PCO Opton Bits 


Figure 25. I/O Port Data Direction Registers 


DDRA/B/C 


Port A, B,C Data Direction Registers 
(C4h PA, C5h PB, C6h PC Read! Write ) 


shen 


PA7 - PAO=Data Direction Bits 
PB7 - PBO=Data Direction Bits 
PC7 - PC0=Data Direction Bits 


Figure 26. I/O Port Data Registers 


DRA/B/C 


PortA,B,C Data Registers | 
(COh PA, Cth PB, C2h PC, Read/Write) 


[7 | os | [020500 


PA7-PAO = Data Bits 
PB7-PBO = Data Bits 
PC7-PCO = Data Bits 


Note: For complete coding explanation refer to Table 7 


| 14 | 0 | x | Output | 20mA sink open-drain output (PAO-PAS pins) 
| 4 | 0 |  X — | Output | Standard open-drain output (PA4-PA7, PBO-PB7, PC4-PC7 pins) 
| 4 | 4 | x | Output | 20mA sink push-pull output (PAO-PA3 pins) 


Notes: X. Means don’t care. 
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INPUT/OUTPUT PORTS (Continued) 


Note: 


Switching the I/O ports from one state to another should 
be done in a way that no unwanted side effects can 
happen. The recommended safe transitions are shown 
below. All other transitions are risky and should be 
avoided during change of operation mode as it is most 
likely that there will be an unwanted side-effect such as 
interrupt generation or two pins shorted together by the 
analog input lines. 


Single bit instructions (SET, RES, INC and DEC) 
should be used very carefully with Port A, B and C 
data registers because these instructions make an 
implicit read and write back of the whole addressed 
register byte. In port input mode however data 
register address reads from input pins, not from 
data register latches and data register information 
in input mode is used to set characteristics of the 


input pin (interrupt, pull-up, analog input), therefore - 


these characteristics may be unintentionally repro- 
grammed depending on the state of input pins. As 


State Transition Diagram for Safe Transitions 


Interrupt 


070° 


Output 
Open Drain 


Output 
Push-pull 


Note *. xxx = DDR, OR, DR Bits respectively 
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general rule is better to use single bit instructions 
on data register only when the whole port is in 
output mode. If input or mixed configuration is 
needed it is recommended to keep a copy of the 
data register in RAM. On this copy it is possible to 
use single bit instructions, then the copy register 
could be written into the port data register. 


SET bit, datacopy 
LD a, datacopy 
LD DRA, a 


The WAIT and STOP instructions allow the ST62xx 
to be used in situations where low power consump- 
tion is needed. The lowest power consumption is 
achieved by configuring !/Os in input mode with 
well-defined logic levels. 


The user has to take care not to switch outputs with 
heavy loads during the conversion of one of the 
analog inputs in order to avoid any disturbance in 
the measurement. 


Output 
Open Drain 


Push-pull 
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INPUT/OUTPUT PORTS (Continued) 
Table 8. I/O Port Options Selection | 


Input 
with pull up 


Input 
with pull up 
with interrupt 


Analog Input 


Open drain output 
5mA 


Open drain output 
20mA 


Push-pull output 
5mA 


Push-pull output 
20mA 


Available At 


PAO-PA7 
PBO-PB7 
PC4-PC7 
TIMER 


PAQ-PA7 
PBO-PB7 
PC4-PC7 
TIMER 


PAO-PA7 
PBO-PB7 
PC4-PC7 


PA4-PA7 
PC4-PC7 
PBO-PB7 


PA4-PA7 
PBO-PB7 
PC4-PC7 


PAO-PA3 


PA4-PA7 
PBO-PB7 
PC4-PC7 


PAO-PA3 


Note 1. Provided proper configuration. 
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o—=> Interrupt 


Data in 


o—=s Interrupt 


Data in 


Interrupt 
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TIMER \ 


The ST6210B, ST6215B, ST6220B and ST6225B 

offer one on-chip Timer peripheral consisting of an 

8-bit counter with a 7-bit programmable prescaler, 

thus giving a maximum count of 215 and control 

logic that allows configuring the peripheral in three 
operating modes. 


Figure 27 shows the Timer block diagram. This 
timer has the external TIMER pin available for the 
user. The content of the 8-bit counter can be 
read/written in the Timer/Counter register TCR that 
can be addressed in the data space as a RAM 
location at address D3h. The state of the 7-bit 
prescaler can be read in the PSC register at ad- 
dress D2h. The control logic device is managed in 
the TSCR register (04h address) as described in 
the following paragraphs. 


The 8-bit counter is decrement by the output (rising 
edge) coming from the 7-bit prescaler and can be 
loaded and read under program control. When it 
decrements to zero then the TMZ (Timer Zero)bit 
in the TSCR is set to one. If the ETI (Enable Timer 
Interrupt) bit in the TSCR is also set to one an 
interrupt request, associated to interrupt vector #3, 
is generated. The Timer interrupt can be used to 
exit the MCU from the WAIT mode. 


Figure 27. Timer Block Diagram 


| ———— 
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The prescaler input can be the internal frequency 
divided by 12 or an external clock at TIMER pin. 
The prescaler decrements on the rising edge. De- 
pending on the division factor programmed by PS2, 
PS1 and PSO bits in the TSCR (see table 10), the 
clock input of the timer/counter register is multi- 
plexed to different sources. On division factor 1, the 
clock input of the prescaler is also that of 
timer/counter; on factor 2, bit 0 of prescaler register 
is connected to the clock input of TCR. This bit 
changes its state with the half frequency of pres- 
caler clock input. On factor 4, bit 1 of PSC is 
connected to clock input of TCR, and so on. The 
prescaler initialize bit PSI in the TSCR register must 
be set to one to allow the prescaler (and hence the 
counter) to start. If it is cleared to zero then all of 
the prescaler bits are set to one and the counter is 
inhibited from counting. The prescaler can be given 
any value between 0 and 7Fh by writing to address 
D2h, if bit PSI in the TSCR register is set to one. 
The tap of the prescaler is selected using the 
PS2/PS1/PS0 bits in the control register. 

Figure 28 shows the Timer working principle. 


DATABUS 8 


STATUS/CONTROL 
REGISTER 
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TIMER (Continued) 


Timer Operating Modes 


There are three operating modes of the Timer 
peripheral. They are selected by the bits TOUT and 
DOUT (see TSCR register). These three modes 
correspond to the two clock frequencies that can 
be connected on the 7-bit prescaler ({nT+12 or 
TIMER pin signal) and to the output mode. 


Gated Mode (TOUT = “0”, DOUT = “1” ). In this 
mode the prescaler is decremented by the Timer 
clock input ( fint divided by 12) but ONLY when the 
signal at TIMER pin is held high (giving a pulse 
width measurement potential). This mode is se- 
lected by the TOUT bit in TSCR register cleared to 
“Q” (i.e. as input) and DOUT bit set to “1”. 


Clock Input Mode (TOUT = “0”, DOUT = “0”). In 
this mode the TIMER pin is an input and the pres- 
caler is decremented on rising edge. The maximum 
input frequency that can be applied to the external 
pin in this mode is 1/4 of the internal frequency 
when the processor is running but can be higher 
when the WAIT mode is entered. 


Output Mode (TOUT = “1”, DOUT = data out). 
The TIMER pin is connected to the DOUT latch. 
Therefore the timer prescaler is clocked by the 
prescaler clock input (fint12). 


The user can select the desired prescaler division 
ratio through the PS2, PS1, PSO bits. When TCR 
count reaches 0, it sets the TMZ bit in the TSCR. 
The TMZ bit can be tested under program control 
to perform a timer function whenever it goes high. 
The low-to-high TMZ bit transition is used to latch 
the DOUT bit of the TSCR and pass it to TIMER 
pin. This operating mode allows external signal 
generation on the TIMER pin. 


Figure 28. Timer Working Principle 


. 0 
1S, ence 


Table 9. ee Modes 


Input Event Counter 


Input 
Output 
Output 


Input Gated 
Output “0” 
Output “1” 


Timer Interrupt 


When the counter register decrements to zero and 
the software controlled ETI (Enable Timer Inter- 
rupt) bit is set'to one then an interrupt request 
associated to interrupt vector #3 is generated. 
When the counter decrements to zero also the TMZ 
bit in the TSCR register is set to one. 


Notes: | 


On ST6210B,15B, ST6220B, 25B the user can 
select the availability of an on-chip pull-up at 
TIMER pin as ROM mask option (see option list at 
the end of the datasheet). 


TMZ is set when the counter reaches 00h ; how- 
ever, it may be set by writing OOh inthe TCR register 
or setting bit 7 of the TSCR register. TMZ bit must 
be cleared by user software when servicing the 
timer interrupt to avoid undesired interrupts when 
leaving the interrupt service routine. After reset, the 
8-bit counter register is loaded to FFh while the 7-bit 
prescaler is loaded to 7Fh , and the TSCR register 
is cleared which means that Timer is stopped 
(PSI=“0”) and the timer interrupt is disabled. 


VA00186 
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TIMER (Continued) 


If the Timer is programmed in output mode, DOUT 
bit is transferred to the TIMER pin when TMZ is set 
to one (by software or due to counter decrement). 
When TMZ is high, the latch is transparent and 
DOUT is copied to the timer pin. When TMZ goes 
low, DOUT is latched. 


A write to the TCR register will predominate over 
the 8-bit counter decrement to 00h function, i.e. if 
awrite and a TCR register decrement to 00h occur 
simultaneously, the write will take precedence, and 
the TMZ bit is not set until the 8-bit counter reaches 
00h again. The values of the TCR and the PSC 
registers can be read accurately at any time. 


Timer Registers 
Figure 29. Timer Status Control Register 


TSCR 


Timer Status Control Register 
(D4h T1, Read/ Write ) 


Ppp pbb 


PSO = Prescaler Mux. Select 
PS1 = Prescaler Mux. Select 
PS2 = Prescaler Mux. Select 
PSI = Prescaler Initialize Brt 
DOUT = Data Output 

TOUT = Timers Output Control 
ETI = Enable Timer Interrupt 
TMZ = Timer Zero Bit 


TMZ. Low-to-high transition indicates that the timer 
count register has decrement to zero. This bit must 
be cleared by user software before starting with a 
new count. 

ETI. This bit, when set, enables the timer interrupt 
request (vector #3). If ETl=0 the timer interrupt is 
disabled. If ETl=1 and TMZ=1 an interrupt request 
is generated. 

TOUT. When low, this bit selects the input mode for 
the TIMER pin. When high the output mode is 
selected. 

DOUT. Data sent to the timer output when TMZ is 
set high (output mode only). Input mode selection 
(input mode only). 

PSI. Used to initialize the prescaler and inhibit its 
counting. When PSl=“0” the prescaler is set to 7Fh 
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Table 10. Prescaler Division Factors 


| _PSO__| Divided by| 
1 


--00--0 -h 


-OoO-O- O + OO 


Figure 31. Timer Counter Register 


TCR 


Timer Counter Register 
D3Hh, Read/ Write 


ple laled 
a ae 


Figure 30. Prescaler Register 


PSC 


Prescaler Register 
D2h, Read/ Write 


Always read as “0" 


and the counter is inhibited. When PSl="1” the 
prescaler is enabled to count downwards. As long 
as PSl="0" both counter and prescaler are not 
running. 

PS2, PS1, PSO. These bits select the division ratio 
of the prescaler register. 
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DIGITAL WATCHDOG 


The digital Watchdog of the ST6210B/15B device 
consists of a down counter that can be used to 
provide a controlled recovery from a software up- 
set. 


The Watchdog generates a system reset when the 
counter passes OOh. User software can prevent the 
reset by reloading the counter. User software 
should therefore be written in such a way that the 
counter is regularly reloaded as long as-the soft- 
ware runs Correctly. In the case of software upset 
(e.g. infinite loop or power supply fail), user soft- 
ware should not reload the counter so it will pass 
00h and reset the MCU. 


The Watchdog activation (hardware or software) is 
user selectable by mask option. If the hardware 
option is selected the Watchdog is automatically 
initialized after reset so that this function does not 
need to be activated by the user program. 


The Watchdog uses one data space register 
(DWDR location D8h). The Watchdog register is 
set to FEh on reset and counts down when acti- 
vated. The Watchdog time can be adjusted through 
the value reloaded into the DWDR register. Only 
the 6 MSbits are significant. This gives the possi- 
bility to generate a reset in a time between 3072 to 
196608 clock cycles in 64 possible steps (with a 
clock frequency of 8MHz this means from 384us to 
24.576ms). The reset is prevented if the register is 
reloaded before bits 2-7 decrement from all zeros 
to all ones. 


The WATCHDOG ACTIVATION can be software (it 
is launched by software) or hardware (it automat- 
ically starts counting down after reset). When the 
software activation is selected, the watchdog can 
be launched by setting to 1 bit 0 of the Digital 
Watchdog Register after bit SR of this register has 
been setto 1. Once activated, the watchdog cannot 
be stopped by software: a full external reset is 
mandatory. 


The STOP instruction is inhibited as soon as the 
watchdog is active. AWAIT instruction is processed 
instead and the watchdog continues to countdown. 
The NMI pin allows, in addition to the interrupt 
generation, to control the execution of the STOP 
instruction. It is inhibited when NMI is low (a WAIT 
instruction is processed instead). When NMI is 
high, a STOP instruction freezes the watchdog 
counter before entering the STOP mode. When the 
micro exits from the STOP mode (for example, 
when an NMI interrupt is generated), the watchdog 
resumes activity. 
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Figure 32. Watchdog Working Principle 


O0S0:12 
VA00190 


Note: 


When the software activation is selected and the 
watchdog is not activated, the 7 MSbits of-the 
counter can be used to perform timer functions. 
Care must be taken as the Watchdog bits are in 
reverse order. 


Bit 1 of the Watchdog register (set to one at reset) 
can be used to generate a software reset if cleared 
to zero. 


C. This is the Watchdog activation bit. lf hardware 
option is selected, it is forced high and the user 
cannot change it (the Watchdog is always active). 
When the software option is selected, the Watch- 
dog function is activated by setting C to 7. It can 
then be cleared only by a system reset and is not 
affected by the STOP Mode Control option. When 
C is kept low the counter can be used as a 7-bit 
timer. 
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DIGITAL WATCHDOG (Continued) 
When cleared to zero it allows the use of the 
counter as a 7-bit timer. This bit is cleared on reset. 


SR. This bit is set to one during the reset and will 
generate a software reset if cleared to zero. When C = 
“0” (watchdog disabled) it is the MSB of the 7-bit timer. 


T1-T6. These are the watchdog counter bits. It 
must be noted that D7 (T1) is the LSB of the counter 
and D2 (T6) is the MSB of the counter. 


Figure 33. Digital Watchdog Register 


DWDR 


Watchdog Register 
(D8h, Read/Write) 


C = Watchdog Activation Bit 
SR = Software Reset Bit 
T1-T6 = Counter Bits 


Application Notes 


The hardware activation option is very useful when 
the external circuitry may inject noises on the reset 
pin, where there is an unstable supply voltage, or 
RF influence or other similar phenomena. If the 
Watchdog software activation is selected and the 
Watchdog is not used during power-on reset exter- 


Figure 34. Digital Watchdog Block Diagram 


:2/ 


DB1.7| LOAD] SET 


DATA BUS 


32/67 


nal noise may cause the undesired activation of the 
Watchdog with a generation of an unexpected re- 
set. To avoid this risk, two additional instructions, | 
that check the state of the watchdog and eventually 
reset the chip are neededwithin the first 27 instruc- 
tions, after the reset. These instructions are: 


jrx 0, WD, #+3 
ldi WD, OFDH 


These instructions should be executed at the very 
beginning of the customer program. 


If the Watchdog is used (both hardware or software 
activated), during power-on reset the Watchdog 
register may be set to a low value, that could give 
a reset after 28 instructions earliest. To avoid un- 
desired resets, the Watchdog must be set to the 
desired value within the first 27 instructions, the 
best is to put at the very beginning. 


Alternatively the normal legal state can be checked 
with the following short routine: 


ldi a, OFEH 

and a, WD 

cpi a, OFEH 

jrz #+3 

ldi WD, OFDH 

This sequence is recommended for security appli- 
cations, where possible stack confusion error loops 
must be avoided and the Watchdog must only be 
refreshed after extensive checks. 


OSCILLATOR 
CLOCK 


VA00010 
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8-BIT A/D CONVERTER 


The A/D converter of ST621xB,2xB devices is an 
8-bit analog to digital converter with up to 8 (PBO- 
PB7 on ST6210B, ST6220B) and up to 16 (PA4- 
PA7, PBO-PB7, PC4-PC7 on ST6215B, ST6225B) 
analog inputs (as alternate functions of !/O lines) 
offering 8-bit resolution with a typical conversion 
time of 70ms (clock frequency of 8MHz). 


The A/D peripheral converts the input voltage by a 
process of successive approximations using a 
clock frequency derived from the oscillator with a 
division factor of twelve. With an oscillator clock 
frequency less than 1.2MHz, the A/D converter 
accuracy is decreased. 


The selection of the pin signal that has to be 
converted is done by configuring the related I/O line 
as analog input through the I/O ports option and 
data registers (refer to I/O ports description for 
additional information). Only one I/O line must be 
configured as analog input ata time. The user must 
avoid the situation in which more than one I/O pin 
is selected to be analog input to avoid malfunction 
of the ST62xx. 


The ADC uses two registers in the data space: the 
ADC data conversion register which stores the 
conversion result and the ADC control register used 
to program the ADC functions. 


A conversion is started by writing a “1” to the Start 
bit (STA) in the ADC control register. This automat- 
ically clears (resets to “O”) the End Of Conversion 
Bit (EOC). When a conversion has been finished 
this EOC bit is automatically set to “1” in order to 
flag that conversion is complete and that the data 
in the ADC data conversion register is valid. Each 
conversion has to be separately initiated by writing 
to the STA bit. 


The STA bit is continually being scanned so that if 
the user sets it to “1” while a previous conversion 
is in progress then a new conversion is started 
before the previous one has been completed.The 
start bit (STA) is a write only bit, any attempt to read 
it will show a logical “O”. 


The A/D converter has a maskable interrupt asso- 
ciated to the end of conversion. This interrupt is 
associated to the interrupt vector #4 and occurs 
when the EOC bit is set, i.e. when a conversion is 
completed. The interrupt is masked using the EAI 
(interrupt mask) bit in the control register. 


The power consumption of the device can be re- 
duced by turning off the ADC peripheral. That is 
achieved when the PDS bit in the ADC control 
register is cleared to “O”. If PDS="1", the A/D is 
supplied and enabled for conversion. This bit must 
be set at least one instruction before the beginning 
of the conversion to allow the stabilization of the 
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Figure 35. A/D Converter Block Diagram 


INTERRUPT 
CLOCK 
RESET 
AVss 

AVpop 


CONVERTER 


CONTROL REGISTER] | RESULT REGISTER 


CORE 
VA00418 


CORE 
CONTROL SIGNALS 


A/D converter. This action is needed also before 
entering the WAIT instruction as the A/D compara- 
tor is not automatically disabled by the WAIT mode 


During reset any conversion in progress is stopped, 
the control register is reset to 40h and the A/D 
interrupt is masked (EAI=0). 


Notes: 


The ST62xx A/D converter does not feature a 

sample and hold. The analog voltage to be meas-: 
ured should therefore be stable during the conver- 

sion time. Variation should not exceed+1/2 LSB for 

the best accuracy in measurement. Alow pass filter 

can be used at the analog input pins to reduce input 
voltage variation during the conversion. 


When selected as an analog channel, the input pin 
is internally connected to a capacitor Cad of typi- 
cally 12pF. For maximum accuracy, this capacitor 
must be fully loaded at conversion start. In the 
worst case, conversion starts one instruction (6.5 
us) after the channel has been selected. In the 
worst case conditions, the impedance ASI of the 
analog voltage source is calculated using the fol- 
lowing formula : 


6.5us = 9 x Cad x ASI 


(capacitor loaded over 99.9%), ie 30 KQ including 
50% guardland. ASI can be higher if Cad has been 
loaded for a longer time by adding instructions 
before conversion start (adding more than 26 CPU 
cycles is meaningless). 


Since the ADC is on the same chip as the micro- 
processor the user should not switch heavily 
loaded output signals during conversion if high 
precision is needed. This is because such switch- 
ing will affect the supply voltages which are used 
for comparisons. 
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8-BIT A/D CONVERTER (Continued) 


The accuracy of the conversion depends on the 
quality of the power supply voltages (Vpp and Vss). 
The user must specially take care of applying regu- 
lated reference voltage on the Vpp and Vss pins 
(the variation of the power supply voltage must be 
_ inferior to 5V/ms). This implies in particular that a 
suitable decoupling capacitor is used at Vpp. 


The converter can resolve the input voltage with a 
resolution of: 


Vpp — Vss 
256 
The Input voltage (Ain) which has to be converted 
must be constant for ius before conversion and 
remain constant during the conversion. 


The resolution of the conversion can be improved 
if the power supply voltage (Vpp) of the microcon- 
troller becomes lower. 


In order to optimize the resolution of the conver- 
sion, the user can configure the microcontroller in 
the WAIT mode because this mode allows the 
minimization of the noise disturbances and the 
variations of the power supply voltages due to the 
switching of the outputs. Nevertheless, it must be 
take care of executing the WAIT instruction as soon 
as possible after the beginning of the conversion 
because the execution of the WAIT instruction may 
provide a small variation of the Vpp voltage (the 
negative effect of this variation is minimized at the 
beginning of the conversion because the latter is 
less sensitive than the end of the conversion when 
the less significant bits are determined). 


The best configuration from a accuracy point of 
view is the WAIT mode with the Timer stopped. 
Indeed, only the ADC peripheral and the oscillator 
are still working. The MCU has to be wake-up from 
the WAIT mode by the interrupt of the ADC periph- 
eral at the end of the conversion. It must be noticed 
that the wake-up of the microcontroller could be 
done also with the interrupt of the TIMER, but in 
this case, the Timer is working and some noise 
could disturb the converter in terms of accuracy. 


EAI. If this bit is set to one the A/D interrupt (vector 
#4) is enabled, when EAI=0 the interrupt is dis- 
abled. 
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Figure 36. A/D Converter Control Register 


ADCR 


A/D Converter Control Register 
(Dih, Read/Write) 


eo 


i in Not Used 


PDS = Power Down Selection 
STA = Start of Conversion 
EOC = End Of Conversion 
EA! = Enable A/D Interrupt 


EOC. Read Only;This read only bit indicates when 
a conversion has been completed. This bit is auto- 
matically reset to zero when the STA bit is written. 
If the user is using the interrupt option then this bit 
can be used as an interrupt pending bit. Data in the 
data conversion register are valid only when this bit 
is set to one. 


STA. Write Only, Writing a “1” in this bit will start a 
conversion on the selected channel and automat- 
ically reset to zero the EOC bit. If the bit is set again 
when a conversion is in progress, the present 
conversion is ‘stopped and a new one will take 
place. This bit is write only, any aneniee to read it 
will show a logical zero. 


PDS. This bit activates the A/D converter if set to 
“1”, Writing a zero into this bit will put the ADC in 
power down mode (idle mode). 


D3-D0. Not used 
Figure 37. A/D Converter Data Register 


ADR 


A/D Converter Data poser 
(DOh, Read Only) 


BEEBE 
ween 
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SOFTWARE DESCRIPTION 


The ST62xx software has been designed to fully 
use the hardware in the most efficient way possible 
while keeping byte usage to a minimum; in short to 
provide byte efficient programming capability. The 
ST62xx core has the ability to set or clear any 
register or RAM location bit of the Data space with 
a single instruction. Furthermore, the program may 
branch to a selected address depending on the 
status of any bit of the Data space. The carry bit is 
stored with the value of the bit when the SET or 
RES instruction is processed. 


Addressing Modes 


The ST62xx core has nine addressing modes 
which are described in the following paragraphs. 
The ST62xx core uses three different address 
spaces : Program space, Data space, and Stack 
space. Program space contains the instructions 
which are to be executed, plus the data for imme- 
diate mode instructions. Data space contains the 
Accumulator, the X,Y,V and W registers, peripheral 
and Input/Output registers, the RAM locations and 
Data ROM locations (for storage of tables and 
constants). Stack space contains six 12-bit RAM 
cells used to stack the return addresses for subrou- 
tines and interrupts. 


Immediate. In the immediate addressing mode, 
the operand of the instruction follows the opcode 
location. As the operand is a ROM byte, the imme- 
diate addressing mode is used to access constants 
which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 


Direct. In the direct addressing mode, the address 
of the byte that is processed by the instruction is 
stored in the location that follows the opcode. Direct 
addressing allows the user to directly address the 
256 bytes in Data Space memory with a single 
two-byte instruction. 


Short Direct. The core can address the four RAM 
registers X,Y,V,W (locations 80h, 81h, 82h, 83h) in 
the short-direct addressing mode . In this case, the 
instruction is only one byte and the selection of the 
location to be processed is contained in the op- 
code. Short direct addressing is a subset of the 
direct addressing mode. (Note that 80h and 81h 
are also indirect registers). 


Extended. In the extended addressing mode, the 
12-bit address needed to define the instruction is 
obtained by concatenating the four less significant 
bits of the opcode with the byte following the op- 
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code. The instructions (JP, CALL) that use the 
extended addressing mode are able to branch to 
any address of the 4K bytes Program space. 


An extended addressing mode instruction is two- 
byte long. 


Program Counter Relative. The relative address- 
ing mode is only used in conditional branch instruc- 
tions. The instruction is used to perform a test and, 
if the condition is true, a branch with a span of -15 
to +16 locations around the address of the relative 
instruction. If the condition is not true, the instruc- 
tion that follows the relative instruction is executed. 
The relative addressing mode instruction is one- 
byte long. The opcode is obtained in adding the 
three most significant bits that characterize the kind 
of the test, one bit that determines whether the 
branch is a forward (when itis 0) orbackward (when 
itis 1) branch and the four less significant bits that 
give the span of the branch (0h to Fh) that must be 
added or subtracted to the address of the relative 
instruction to obtain the address of the branch. 


Bit Direct. In the bit direct addressing mode, the 
bit to be set or cleared is part of the opcode, and 
the byte following the opcode points to the address 
of the byte in which the specified bit must be set or 
cleared. Thus, any bit in the 256 locations of Data 
space memory can be set or cleared. 


Bit Test & Branch. The bit test and branch ad- 
dressing mode is a combination of direct address- 
ing and relative addressing. The bit test and branch 
instruction is three-byte long. The bit identification 
and the tested condition are included in the opcode 
byte. The address of the byte to be tested follows 
immediately the opcode in the Program space. The 
third byte is the jump displacement, which is in the 
range of -126 to +129. This displacement can be 
determined using a label, which is converted by the 
assembler. 


Indirect. In the indirect addressing mode, the byte 
processed by the register-indirect instruction is at 
the address pointed by the content of one of the 
indirect registers, X or Y (80h,81h). The indirect 
register is selected by the bit 4 of the opcode. A 
register indirect instruction is one byte long. 


Inherent. In the inherent addressing mode, all the 
information necessary to execute the instruction is 
contained in the opcode. These instructions are 
one byte long. 
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SOFTWARE DESCRIPTION (Continued) 
Instruction Set 


The ST62xx core has a set of 40 basic instruc- 
tions. When these instructions are combined with 
nine addressing modes, 244 usable opcodes can 
be obtained. They can be divided into six different 
types:load/store, arithmetic/logic, conditional 
branch, control instructions, jump/call, bit manipu- 
lation. The following paragraphs describe the dif- 
ferent types. 


All the instructions within a given type are pre- 
sented in individual tables. 


Table 12. Load & Store Instructions 


Notes: 


LDI A, #N 
LDI rr, #N 


LDA, X Short Direct 1 4 A 
LDA, Y Short Direct 1 4 A 
LDA, V Short Direct 1 4 A 
LD A, W Short Direct 1 4 A 
LDX,A Short Direct 1 4 A 
LD Y,A Short Direct 1 4 A 
LDV,A Short Direct 1 4 A 
LD W,A Short Direct 1 4 A 
LD A, rr Direct 2 4 A 
LDrr, A Direct 2 4 A 
LD A, (X) Indirect 1 4 A 
LD A, (Y) Indirect 1 4 A 
LD (X), A Indirect 1 4 A 
LD (Y),A Indirect 1 4 A 


Immediate 
Immediate 


Load & Store. These instructions use one,two or 
three bytes in relation with the addressing mode. 
One operand is the Accumulator for LOAD and the 
other operand is obtained from data memory using 
one of the addressing modes. 


For Load Immediate one operand can be any of the 
256 data space bytes while the other is always 
immediate data. 


| Flags 
a ae a 


X,Y. Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 

rr. Data space register 

A. Affected 

*. NotAffected 
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SOFTWARE DESCRIPTION (Continued) 


Arithmetic and Logic. These instructions are 
used to perform the arithmetic calculations and 
logic operations. In AND, ADD, CP, SUB instruc- 
tions one operand is always the accumulator while 
the other can be either a data space memory 


Table 13. Arithmetic & Logic Instructions 


ADD A, (X) Indirect 
ADD A, (Y) Indirect 


ADD A, rr Direct 
ADDI A, #N 


AND A, (X) 
AND A, (Y) 


Indirect 
Indirect 


AND A, rr Direct 
CLRA Short Direct 


Indirect 


Indirect 


Direct 
CPIA, #N 


Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 

Direct 

Indirect 
Indirect 
Short Direct 


INC X 


INC Y Short Direct 
INC V Short Direct 
INC W Short Direct 
INCA Direct 

INC rr Direct 

INC (X) Indirect 
INC (Y) Indirect 


SUBIA, #N 


Notes: 

X,Y. Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 

rr. Data space register 
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content or an immediate value in relation with the 
addressing mode. In CLR, DEC, INC instructions 
the operand can be any of the 256 data space 
addresses. In COM, RLC, SLA the operand is 
always the accumulator. 


Cycles Flags 


Heep bees eeedrescont boat bbe book 
; -_ ocd ee tbop lft 


A. Affected 
* _ Not Affected 
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SOFTWARE DESCRIPTION (Continued) 


Conditional Branch. The branch instructions 
achieve a branch in the program when the selected 
condition is met. 


Bit Manipulation Instructions. These instruc- 
tions can handle any bit in data space memory. One 
group either sets or clears. The other group (see 
Conditional Branch) performs the bit test branch 
operations. 


Table 14. Conditional Branch Instructions 


JRR b, tr, ee 
JRS b, rr, ee 


Notes: 

b. 3-bit address 

e. 5 bit signed displacement in the range -15 to +16 
ee. 8 bit signed displacement in the range -126 to +129 


Table 15. Bit Manipulation Instructions 


Addressing Mode Bytes 


SET b,rr Bit Direct 
RES b,rr Bit Direct 


Control Instructions. The control instructions 
control the MCU operations during program execu- 
tion. 


Jump and Call. These two instructions are used to 
perform long (12-bit) jumps or subroutines call 
inside the whole program space. 


amh NO N PM 


Data space register 
A. Affected 
Not Affected 


Cycles 


a a a 


2 4 
2 4 


Notes: 
b. 93-bit address; 
rr. Data space register; 


Table 16. Control Instructions 


1 


Inherent 
Inherent 
Inherent 


, 
, 
Inherent 1 
Inherent 1 


. NotAffected 


Cycles 
2 


Notes: 


1. This instruction is deactivated and a WAIT is automatically executed instead of a STOP if the watchdog function is selected. 


A. Affected 
*. Not Affected 


Table 17. Jump & Call Instructions 


Notes: 
abc.12-bit address; 
*. NotAffected 
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CALL abc Extended 2 
JP abc Extended 2 
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SOFTWARE DESCRIPTION (Continued) 


Opcode Map Summary. The following table contains an op@de map for the instructions used by ST6 


ok |i ob [os fo | na [bs | to [oh | | oh | oe | 
0100 0111 1000 
2 JRZ 2 JRC|4 LD 4 JP|2JRNC/4 RES|2 JRZ}4 \LDI}2 JRC}4 LD 
e e a,(x) im abc e e e a,(y) 
per 1 prc}i_— ind 2 ext}1 peri}2 bdj1 = perj3 imm}1 1 ind 
2 JRNZ|4CALL|2 JRNC/5 JRS/2 JRZ/4 INC|2 JRC/4 LDI|2JRNZ/4 JP|2JRNC|4 SETI2 JRZ/4 DEC/2 JRC/4 LD 
e abc e e X e a,nn e abc e b0,rr e X e ar 
1 perj2- ext per per}?  sdji  prcoj2 imm]1 = perj2- ext}1 perj2 bdii perji  sdit perj2 
NZ NC 
e 


0 


g 


—h 


2 JRNZ|4 CALL} 2 JR 2 JRZ 2 JRC/4 CP/2JRNZ|4 JP/2JRNC|4 RES|2 JRZ|4 COM/2 JRC/4 CP 
e abc e e e a, (x) e abc e b4,rr a e a,(y) 
1 perj2 ext{1 = per per 1 pre}i = ind)? = perj2sext}/1 = per}2. sobdi1 == soper}1 = —=sinh}1~—s per] 1 _— ind 
RZ 


a 


r 
dir 
2 JRNZ}4CALL}2 JRNC}5 JRS}2 J 4 LD}2 JRC|}4 CPI]2JRNZ}4 JPj/2JRNC/4 SET/2 JRZ|4 \LDj2 JRC}4 CP 
e abc e e a,X ann e abc e b4,rr e X,a e a,(r 
1 perj2_— ext}1 per}1  sdj1  prcj2 imm}1  perj2- exti1 perj2 bdlt per} sdji perj2-—s dir 
2 JANZ|4 CALL|2 JRNC/5 JRRI2 JRZ 2 JRC|4 ADD/2JRNZ|4 JP/2JRNC/4 RES/2 JRZ/2 RETI/2 JRC/4 ADD 
e abc e e e a,(x) e abc e b2,rr e e 
1 perj2 ext} 3 bti1 = per 1‘ prej]1 = indj1 = perj2extii = perj2. bdii = perii = inh}1 = per}i ind 
2 JRNZ/|4CALL|2 JRNC|S JRS/2 JRZ/4 INC/2 JRC/4 ADDI 4 JP/2JRNC/4 SET/2 JRZ|4 DEC|2 JRC|/4 ADD 
Pog eg. ds gegen ts esas ake 
1. per]2_ ext/1 3 bt|1 = per! 1 sd]1 prc}]2  imm 2  ext]/1  perl2 bdli peri sd|/1  per[2 = dir 
2 JRNZ|4 CALL|2 JRNC/5 JRR RZ 2 JRC/4 INC/2JRNZ/4 JP/2JRNCi4 RES/2 JRZ/2STOP|2 JRC|4 INC 
milla ica ania sign alee 
1 perj2- ext} 1 per 1 prejt  ind]1 = perj2- extli = perj2. bdii-= perji  inh}1~ perji ind 
2 JRNZ/4CALL|2 JANC/5 JRS/2 JRZ}/4 LD|2 JRC 2JRNZ/4 JP|2JRNC|4 SET/2 JRZj}4 \LD/2 JRC/4 INC 
ise ay gla nee ely glo geal 
1 peri2- ext} bt}1 = per} 1 sdj1 pre 1 perj2- ext}1 = peri2 bdj1 peri sdj1  per]2_—s dir 
2 JRNZ|4 CALL/2 JRNC|5 JRR/2 JRZ 2 JRC}4 \LD/2JRNZ|4 JP|2JRNC/4 RES/2 JRZ 4 LD 
ii comic 
1 perj2-— ext} bt}1 = per 1 prejt = ind}1 = perj2-ext}1 = =perj}2 =bdj1_ per 1 ind 
2 JRNZ/}4CALLI2 JRNC}/5 JRS}2 JRZ/4 INC/2 JRC 4 JP|2JRNC|4 SET/2 JRZ/4 
e abc e e v e abc e b1,rr e 
1 perj2 ext} bt]1 perii  sdj1 = pre 2  extli = per}2 bd]1_ peri 
2 JRNZ/4CALL|2 JRNC/5 JRR/2 JRZ 2 JRC|4 AND|2JRNZ}4 JP|2JRNC/4 RES/2 JRZ/4 RLC|2 
ionic ica aici a ln 
1 perl2_— ext}1 3 bt}1 per 1 projt1 ind}i per]2  extli peri2 bd}1_ perji 
2 JRNZ|4CALL)2 JRNC/5 JRS}2 JRZ/4 LD/2 JRC/4 ANDI|2JRNZ}4 JP|2JRNC/4 SET/2 JRZj4 LD/2 JRC|4 AND 
abc e e a,nn e abc e b5,rr e va e ar 
1 perj2- ext}1 bt}1  per}i1  sdj/i  prcoj}2 imm{i- perj2- ext]i  perj2 bdj1 peri sdJ1  perj2.—s dir 
2 JRNZ|/4CALL/2 JRNC/5 JRR/2 JRZ 2 JRC|4 SUB|2JRNZ/4 JP|2JRNC|4 RES/2 JRZ 
e abc e e e a,(x) e abc e b3,rr e 
1  perl2_ ext} bt]1 = per 1 prej1 indj1 = perj2- exti1 perj2 bdt1_ per 
2 JRNZ|4 CALL/2 JRNC/5 JRS/2 JRZ/4 INC}2 JRC/4 SUBIJ/2JRNZj4 JP}2JRNC/4 SET/2 JRZ|/4 DEC|2 JRC/4 SUB 
Pedieg as ae oh gl sgseh ltd ah gh aes 
1 perj2_ ext}1 1  sdj1- pre imm|1 = per}2—s ext} 1.—s per]2.sbd]1~—sper|{1—s sd] 1—s perj2-—s ir 
2 JRNZ/4 CALL] 2 J 2 JRC/4 DEC|2JRNZ|4 JP|2JRNC/4 RES|2 JRZ|/2 WAIT|2 JRC|4 DEC 
e abc e e (x) e abc e b7,rr e e 
1 per}2ext}1 — per] 3 1 pro]i = indj1 = perj]2ext}1 = per|2. ss bd}/1 == per]1—sinh|]1—s per} 1 ind 
2 JRNZ| 4 CALL| 2 JRN 4 LDJ2 JRC 2JRNZ|4 JP|2JRNC/4 SET/2 JRZj4 LDi2 JRC/4 
e abc e aw e e abc e b7,tr e wa e Tr 
1 perj2- ext}i 1 sd}/1- pre 1 per}2- ext]1 perj2 bdl]1_ per} sdjiper{2_—s dir 


0100 


7 


ee 
8 g 
S 
_ no 
Ow 


aoe 


ic 


& 


on 


aia" 


7 


DEC 


aod 


e 
per 


Abbreviations for Addressing Modes: Legend: 
dir Direct # Indicates Illegal Instructions Cycles 2 JRC Mnemonic 
sd Short Direct e 5 Bit Displacement Operand e 
imm Immediate b 3 Bit Address Bytes 1 per 
inh Inherent rr 1byte dataspace address Aticadseuwiede 
ext Extended nn 1 byte immediate data ” 
b.d __ Bit Direct abc 12bit address 
bt Bit Test ee 8 bit Displacement 
per Program Counter Relative 
ind Indirect 
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$16210B-15B-20B-25B 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings Power Considerations. The average chip-junc- 
This product contains devices to protect the inputs _—‘tion temperature, Tj, in Celsius can be obtained 


against damage due to high static voltages, how- ‘from: 
ever it is advised to take normal precaution to avoid Tj = Ta + PD x RthJA 
application of any voltage higher than maximum — where :Ta = Ambient Temperature 
rated voltages. a 

ee RthJA = Package thermal resistance 
For proper operation it is recommended that Vand (junction-to ambient) 
Vo must be higher than Vss and smaller Vpp. 
Reliability is enhanced if unused inputs are con- PD = Pint + Pport. 
nected to an appropriated logic voltage level (\bp Pint= Ipp x Vpp (chip internal power). 
or Vss). Pport = Port power dissipation 


(determinated by the user). 


Parameter 


Supply Voltage -0.3 to 7.0 V 
Input Voltage Vsg - 0.3 to Vpp + 0.3" 


Current Drain per Pin Excluding Vpp, Vss 
Pin Injection current (positive), All /O, Vop = 4.5V 
Pin Injection current (negative), All 1/0, VDD = 4.5V 


Notes: 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as 
injection current is kept within the specification. 

- (2) The total current through ports A and B combined may not exceed 50mA. The total current through port C may not exceed 50mA. If 
the application is designed with care and observing the limits stated above, total current may reach 100mA. 


— 


THERMAL CHARACTERISTIC 
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$T6210B-15B-20B-25B 


RECOMMENDED OPERATING CONDITIONS 


6 Suffix Version es cs 


fosc= 2MHz 
fint = 2MHz 


Operating Supply Voltage fosc= 4MHz 
p g supply fp 4MHz 


fosc = 8MHz 
fint = 8MHz 


Vop = 3V; OSG disabled 
(3) DD ’ 
Internal Frequency Vop= 4.5V;OSG disabled 


Pin Injection roe (positive) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs 


Pin Injection Current (negative) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs 


Notes : 

1. Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins. 

2. Ifa total current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the 
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB. 

3. Aninternal frequency above 1MHz is recommended for reliable A/D results. 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (Vpp) 


Maximum Uakpiatesmpeead ( MHz ) 


FUNCTIONALITY IS NOT 
GUARANTEED 
IN THIS AREA 


an 
: 
| 


2.9 . 4 4.5 


SUPPLY VOLTAGE ( V,, ) 


VR01807C 


The shade area is outside the ST6210B/15B operating range, device functionality is not guaranteed. 
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ST6210B-15B-20B-25B 


DC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Symbol Parameter 


Input Low Level 
Voltage 
TIMER,NMI,RESET pins 


Input High Level 
Voltage 
TIMER,NMI,RESET pins 


Hysteresis Voltage “ 
All Inputs 


Low Level Output 
Voltage 
TIMER pin 


High Level Output 
Voltage 
TIMER pin 


TIMER, NMI pins 


Input Leakage Current) 
TIMER, NMI pins 


Input Leakage Current 
RESET pin 


Supply Current in 
RESET Mode 


Supply Current in 
RUN Mode ©) 


Supply Current in 
WAIT Mode ®) 


Supply Current in 
STOP Mode ®) 


Notes: 

1. Only when pull-ups are not inserted 

2. All peripherals running 

3. A/D Converter in Stand-by 

4. Hysteresis voltage between switching levels 
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Test Conditions 


Vin= Vss 
Vin= Vpp 


Vin=Vpp; Watchdog Res. 
Vin=Vpp; No Watch. Res. 
Vin=Vss; External Res. 


Vreset= Vss 
fosc= 8MHz 


Vpp = 5.0V finr=8MHz 
Vop = 5.0V fint=fiFAo 
Vpp = 3.0V  fint=2MHz 


Vpp= 5.0V_ fintr=8MHz 


Vop = 5.0V fint=fLFao 
Vpp= 3.0V_ fint=2MHz 


ILoaD= OMA 
Vpp= 5.0V 


ISTA SGS-THOMSON 


MICROELECTRONICS 


$16210B-15B-20B-25B 


AC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


t Oscillator Start-up Time Ceramic Resonator 
1a at Power On ?) Cui = Cro = 22pF 


8MHz Ceramic Resonator 0.2 400 
pais Oscillator STOP mode CL1=Ci2=22pF 7 ‘ 
Recovery Time 8MHz Quariz 40 400 
‘ CL1=C,2=22pF 


Supply Recovery Time “ 


Input Capacitance All Inputs Pins [- a 
Output Capacitance All Outputs Pins ul 


Note: 
1. Period for which Vpp has to be connected at OV to allow internal Reset function at next power-up. 
2. See Figure 38. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application. 


Minimum Pulse Width (Vpp = 5V) 
RESET pin 
NMI pin 


Figure 38.Power On Reset 


wowwen| UU 


—— | 
| 
: 2048 cycles | 
| 


INTERNAL 
RESET 


t 
VA0295B 
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916210B-15B-20B-25B 


RC Oscillator. finr versus Rnet (Indicative Values) 


a 


* 3 Volts +4 Volts **5 Volts 6 Volts 


The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 
VR01935 


RC Oscillator. finr versus Rnet (Indicative Values) 


Vop = 5 Volts 


8 Rn ae ee 


‘Ease SER (oer Sane! SST 
SS ee ee 


1000 10000 


25+ C *" 85°C er 


The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 


VRO01935A 


44/67 ka7 SGS-THOMSON 
Jf, MICROELECTRONICS 
58 


$1T6210B-15B-20B-25B 


ELECTRICAL CHARACTERISTICS (Continued) 


CURRENT CONSUMPTION 


IDD Current Versus Supply Voltage 
Typical Values(Ta : +85°C) 


WAIT MODE 


RUN MODE 


_|To bed 


4———+ 


VR01993C 


Note 1. Using the network described in the Application Note AN673 


rob) 
5) 
iq} 
= 
(oo -eel 
> 
LO 
a 
S 
oO - 
wn = 
3% 
2 
> 
eC 
eg 
2 > 
Oe 
A 
QO 


VR01993D 
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$T6210B-15B-20B-25B 


/(O PORT CHARACTERISTICS | 
(Ta = -40 to +85°C unless otherwise specified) 


Parameter Test Conditions 


Vop= 5.0V 
loc= 10nA, All 1/O Pins 
loc= 5mA , Standard I/O 
loc= 10mA 


lor= 20mA } PAO-PA3 


lon= — 10nA 
lon= — 5MA, Vpp= 5.0V 
lon= — 1.5mA, Vpp= 3.0V 
Input Leakage Current Mane r'Vss 
/O Pins (pull-up resistor off) Vere BEY 


TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Symbol Parameter Test Conditions 
aS 


Stop Mode 


Pulse Width at TIMER Pin 


a Input Frequency on TIMER Pin Run and Wait Modes 
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$1T6210B-15B-20B-25B 


A/D CONVERTER CHARACTERISTICS 
(Ta= -40 to +85°C unless otherwise specified) 


Symbol Parameter 
Pe eee 


fosc > 1.2MHz +1 +2 
(1) (2) 
a ae 


eo 
[rome fase [oe [Poe 
[em femmes feeerees [TD = [oe 
Pa femererene ree Te Po 


ong 


Analog Channel 
30 kQ 
Noise at Vpp, Vss <10mV 


switched just before 
conversion start “) 

2 With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. - 

3. Excluding Pad Capacitance. 

4. AS! canbe increased as long as the load of the A/D Converter input capacitor is ensured before conversion start. 


Test Conditions 


Analog Source Impedance 


{i SGS-THOMSON 47167 
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$1T6210B-15B-20B-25B = 


READ PROTECTION FUSE 


If the ROM READOUT PROTECTION option is The following circuit can be used for this purpose: 

selected as enabled, the following waveform must 

be applied at the Vep pin for the fuse to be blown: _—- Figure 39. Example of READOUT 
PROTECTION fuse programming circuit 


PROTECT 


—_ 14V 


150.zs typ 
(ogee 


® ZPD15 
15V 


VR02003 


Note: ZPD15 is used for overvoltage protection 


—! See = SS SSS SS SSS 


t 
VRO02001 
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$1T6210B-15B-20B-25B 
PACKAGE MECHANICAL DATA 


Figure 40. 20-Pin Dual in Line Plastic (B), 300-Mil Width 


So 
_— 
or 


So 
= G9 s' 
Oo ws wo 
ololo 
oS Oo 
fom] a 
co “I 


oO 5 
Nh 
~ 
co 


VROA1725 


Figure 41. 28-Pin Dual in Line Plastic (B), 600-Mil Width 


pA | 22) | 48 |ooas| [0.109 

jAt lost| [177 [0010] [0.069 
|B |oas| [ose loots! | 0.023 
|B |os7| | 452] 0055] | 0.085 
| c |o02| | 03 [000s] | 0.009 
1.425 


VRO01725 
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$1T6210B-15B-20B-25B 


PACKAGES MECHANICAL DATA (Continued) 


Figure 42. 20-Lead Small Outline Plastic (M), 300-Mil Width 


VROO1726 


0 


VROO1726 
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ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer customer codes to SGS-THOMSON. 


. Communication of the customer code. Cus- 
tomer code is made up of the ROM contents and 
the list of the selected mask options. The ROM 
contents are to be sent on one diskette with the 
hexadecimal file generated by the development 
tool. All unused bytes must be set to FFh. 


The selected mask options are communicated to 
SGS-THOMSON using the correctly filled OPTION 
LIST appended. 


Listing Generation & Verification. When SGS- 
THOMSON receives the diskette, a computer list- 
ing is generated from it. This listing refers exactly 
to the mask that will be used to produce the micro- 
controller. Then the listing is returned to the cus- 
tomer that must thoroughly check, complete, sign 
and return it to SGS-THOMSON. The signed listing 
constitutes a part of the contractual agreement for 
the creation of the customer mask. 


SGS-THOMSON sales organization will provide 
detailed information on contractual points. 


ORDERING INFORMATION TABLE 


Sales Type ROM x8 


ST6225BB1/XXX 
ST6225BB6/XXX 


ST6225BM1/XXX 
ST6225BM6/XXX 


Additonal Features | Temperature Range 


ST6210BB1/XXX 0 to +70°C Salem 
ST6210BB6/XXX -40 to +85°C 

A/D CONVERTER 
ST6210BM1/XXX 0 to +70°C er 
ST6210BMG/XXX | ox Bytes -40 to +85°C 
ST6215BB1/XXX 0 to +70°C ae 
ST6215BB6/XXX -40 to +85°C 

A/D CONVERTER : 
ST6215BM1/XXX | 0 to +70°C — 
ST6215BM6/XXX -40 to +85°C 
ST6220BB1/XXX 0 to +70°C Saiao6 
ST6220BB6/XXX -40 to +85°C 

A/D CONVERTER , 
ST6220BM1/XXX 0 to +70°C ee 
ST6220BM6XXX | 4K Bytes -40 to +85°C 


0 to +70°C 
-40 to +85°C PDIP28 
A/D CONVERTER 


$1T6210B-15B-20B-25B 


Table 18. ROM Memory Map 
$T6210B,ST6215B (2K ROM Devices) 


Reserved ") 
User ROM 
Reserved 
Interrupt Vectors 
Reserved " 
NMI Interrupt — 
Reset Vector 


Device Address 


0000h-087Fh 
0880h-OF9Fh 
OFAOh-OFEFh 


OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


ST6220B,ST6225B (4K ROM Devices) 


0000h-007Fh Reserved ") 
0080h-OF9Fh User ROM 
OFAOh-OFEFh ° ‘Reserved ") 
OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh Reserved ") 
OFFCh-OFFDh 
OFFEh-OFFFh 


Note 1. Reserved Areas should be filled with FFh 


NMI Interrupt Vector 
Reset Vector | 


0 to | ae | 
-40 to | ae | 


PSO28 


Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options. 
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$T6210B-15B-20B-25B 


ST6210B, ST6215B , ST6220B, ST6225B MICROCONTROLLER OPTION LIST 


Customer 
Address 


Contact 
Phone No 
Reference 


SGS-THOMSON Microelectronics references 
Device: [ ]ST6210B [ ]ST6215B [ ]ST6220B [ ]ST6225B 


Package: [ ] Dualin Line Plastic [ ] Small Outline Plastic 
In this case, select conditioning 
[ ] Standard (Stick) 
[ ] Tape & Reel 


Temperature Range: [ ]OCto+70°C [ ]—40°C to + 85°C 
Special Marking: [ ] No 
[ ] Yes 


Authorized characters are letters, digits, ’.’, —’, ’/” and spaces only. 
Maximum character count DIP20 - DIP28: 10 


S020 - SO028:8 
Oscillator Source Selection: [ ] Crystal/Resonator 
[ ] RC Network 


Watchdog Selection: [ ] Software Activation (STOP mode available) 
[ ] Hardware Activation (no STOP mode) 


OSG: [ ] Enabled 
[ ] Disabled 
Input pull-up selection on NMI pin : [ ] Yes [ ]No 
Input pull-up selection on TIMER pin : [ ] Yes ‘ [ ]No 
ROM Readout Protection: Please contact your local SGS-THOMSON Sales Office 


Comment : 
Supply Operating Range in the application: [ ] 3.0V to 6.0V 


[ ] 4.5V to 6.0V 
Notes 


Signature 


Date 
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CT SGS-THOMSON ST62T10B, T15B, E20B 
IF. MICROELECTRONICS ST62T20B, T25B, E25B 


8-BIT OTP/EPROM HCMOS MCUs WITH A/D CONVERTER 


PRELIMINARY DATA 


n 3.0 to 6.0V Supply Operating Range 

=» 8 MHz Maximum Clock Frequency 

-40 to +85°C Operating Temperature Range 
x Run, Wait & Stop Modes 
a 5 different interrupt vectors 

n Look-up table capability in EPROM 


a User EPROM: 1828 bytes (ST62x10B, x15B) 
3876 bytes (ST62x20B, x25B) 


n Data EPROM: User selectable size 
(in program EPROM) 
s Data RAM: 64 bytes 


=» EPROM readout protection 

a PDIP20, PSO20 (ST62T10B,T20B) packages ~ 

se PDIP28, PSO28 (ST62T15B, T25B) packages 

ne FDIP20, CSO20 (ST62E20B) packages 

a FDIP28, CSO28 (ST62E25B) packages 

we 12/20 fully software programmable I/O as: 
— Input with pull-up resistor 
— Input without Pull-up resistor 
— Input with interrupt generation 
— Open-drain or push-pull outputs 
— Analog Inputs 

s 41/O lines can sink up to 20mA for direct LED or 
TRIAC driving 

a 8 bit counter with a 7-bit programmable prescaler 
(Timer) 

x Digital Watchdog and Oscillator Safe Guard 

» 8 bit A/D Converter with up to 8 (ST62T10B, 
ST62x20B) and up to 16 (ST62T15B, ST62x25B) 
analog inputs 


a On-chip clock oscillator driven by Quartz Crystal, 
Ceramic resonator or RC network; Low Fre- 
quency Auxiliary Oscillator. 


= Power-on Reset 
a One external not maskable interrupt 
= 9 powerful addressing modes 


= The ST62E20B, E25B are the EPROM versions, 
the ST62T10B, T15B, T20B, T25B are the OTP 

. versions, fully compatible with ROM versions 
ST6210B, 15B, 20B, 25B. 
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$T62T10B,115B,T20B,1T25B - ST62E20B,E25B 


Figure 1. ST62T10B, T20B, E20B Pin Config. 


Vpp Vss 
TIMER PAO 
OSCin PA1 
OSCout ‘PA2 
NMI PA3 
Test” PBO/ Ain 
RESET PB1 / Ain 


Ain / PB7 PB2 / Ain 
Ain / PB6 PB3 / Ain 
Ain / PB5 PB4 / Ain 


VR01804A 


Vop 
TIMER 
OSCin 
OSCout 
NMI 
Ain / PC7 
Ain / PC6 
Ain / PC5 
Ain / PC4 
Test (1) 
RESET 
Ain / PB7 
Ain / PB6 
Ain / PB5 


Figure 2. ST62T15B, T25B, E25B Pin Config. 


Vss 
PAO 
PA1 
PA2 
PA3 
PA4/ Ain 
PA5 / Ain 
PAG / Ain 
PA7 / Ain 
PBO / Ain 
PBi / Ain 
PB2 / Ain 
PB3 / Ain 
PB4 / Ain 


VR001804 


Note 1. This pinis also the Vpp input for EPROM based device 
Figure 3. ST62T10B,T15B,T20B,T25B - ST62E20,E25 Block Diagram 


PAO..PA3 (20mA Sink) 
PA4..PA7 / Ain* 


(yi  PORTB KT ]) PBO..PB7/ Ain 


C PORT C TD) PC4..PC7 / Ain * 


DATA ROM 
USER 
SELECTABLE 


USER PROGRAM 


1828 Bytes (1) 64 Bytes 
3876 Bytes (2) 


¢ —— >} DIGITAL WATCHDOG 


*“ NOT AVAILABLE ON ST6210B / 20B 


STACK LEVEL 1 
STACK LEVEL 2 
STACK LEVEL 3 


i (1) ST6210/ 15 
8 BIT CORE (_ (2) ST6220 / 25 


STACK LEVEL 4 
STACK LEVEL 5 
STACK LEVEL 6 


POWER OSCILLATOR RESET 
SUPPLY OSG 
2 eee OA bead) | 


Yoo Yog OSCin OSCout RESET VRO01805B 
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B 


GENERAL DESCRIPTION 


The ST62T10B, T15B, T20B, T25B, E20B and 
E25B microcontrollers are members of the 8-bit 
HCMOS ST62xx family, a series of devices ori- 
ented to low-medium complexity applications. 
They are the OTP/EPROM versions of the 
ST6210B, ST6215B, ST6220B and ST6225B de- 
vices respectively. 


ST62E20B, E25B are user programmable and 
erasable devices. They are best suited for devel- 
opment. 


ST62T10B, T15B, T20B, T25B are One Time Pro- 
grammable devices (OTP). These offer the best 
cost/flexibility trade-off for prototyping and preser- 
ies as well as most low to medium volume applica- 
tions. 


All ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 


The macrocells of the ST6210B, 15B, 20B and 25B 
(available on the EPROM/OTP products) are: The 
Timer peripheral that includes an 8-bit counter with 
a 7-bit software programmable prescaler, the digi- 
tal watchdog (DWD), an 8-bit A/D Converter with 
up to 8 (ST6210B, 20B) or 16 (ST6215B, 25B) ana- 
log inputs. 

The ST62T10B, T15B, E20B, T20B, E25B, T25B 
are upward compatible with the ST62T10, T15, 
E20, T20, E25, T25. They in addition feature RC 
network, an External STOP Mode Control enlarg- 
ing the range of power consumption/safety trade- 
offs, an enhanced readout protection mechanism 
to prevent software piracy and an option byte to se- 
lect options. 


These devices are well suited for automotive, ap- 
pliance and industrial applications. 


STI SGS-THOMSON 


DEVICE SUMMARY 


UV- OTP /O Emulated 
EPROM | ROM Pins Device 


ST6220B 


ST6210B 
ST6215B 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. De- 
pending on the Option Byte, either a quartz crystal, 
a ceramic resonator, an external clock signal or an 
RC network can be connected in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. The OSCin pin is the input pin, 
the OSCout pin is the output pin. 


RESET. The active low RESET pin is used to re- 
start the microcontroller to the beginning of its pro- 
gram. 


TEST/Vpp, The TEST must be held at Vss for nor- 
mal operation. If TEST pin is connected to a 
+12.5V level during the reset phase, the EPROM 
programming Mode is entered. An internal pull- 
down resistor selects normal operating mode if the 
TEST/Vpp pin is left unconnected 


NMI. The NMI pin provides the capability for asynchro- 
nous interrupt applying an external not maskable inter- 
rupt to the MCU. The NMlis falling edge sensitive. The 
user can select the availability of an on-chip pull-up 
at NMI pin through the Option Byte. 
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TIMER. This is the timer I/O pin. In input mode it is con- 
nected to the prescaler and acts as external timer clock 
or as control gate for the internal timer clock. In the out- 
put mode the timer pin outputs the data bit when a time- 
out occurs. The user can select the availability of an 
on-chip pull-up at TIMER pin through the Option Byte. 


PAO-PA3,PA4-PA7. These 8 lines are organized as 
one I/O port (A). Each line may be configured under 
software control as inputs with or without internal pull-up 
resistors, interrupt generating inputs with pull-up resis- 
tors, Open-drain or push-pull outputs. PAO-PA3 can 
also sink 20mA for direct led driving while PA4-PA7 can 
be programmed as analog inputs for the A/D converter. 
Note. PA4-PA7 are not available on ST62T10B, 
ST62x20B. 


PBO-PB7. These 8 lines are organized as one I/O port 
(B). Each line may be configured under software con- 
trol as inputs with or without intemal pull-up resistors, in- 
terrupt generating inputs with pull-up resistors, 
open-drain or push-pull outputs and as analog inputs for 
the A/D converter. 


PC4-PC7. These 4 lines are organized as one I/O port 
(C). Each line may be configured under software control 
as inputs with or without internal pull-up resistors, inter- 
rupt generating inputs with pull-up resistors, open-drain 
or push-pull outputs and as analog inputs for the A/D 
converter. 


Note. PC4-PC7 are not available on ST62T10B, 
ST62x20B. 


THE USER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6210B, 15B, 20B, 25B 
ROM DEVICE FOR FURTHER DETAILS. 


EPROM/OTP DESCRIPTION 


The ST62E20B, E25B are the EPROM versions of the 
S1T6220B/25B products. They are intended for use dur- 
ing the development of an application and for pre-pro- 
duction and small volume production. ST62T20B/T25B 
OTP (One Time Programmable) have the same char- 
acteristics except that they cannot be erased. They all 
include EPROM memory instead of the ROM memory 
of the corresponding ST6220B/25B. User can program 
these devices using the ST62E2xB EPROM program- 
ming tools from SGS-THOMSON. 


From auser point of view (with the following exceptions) 
the ST62E20B, E25B and ST62T10B, T15B, T20B, 
T25B products have exactly the same software and 
hardware features as the ROM version. An additional 
mode is used to configure the part for programming of 
the EPROM, this is set by a +12.5V voltage applied to 
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the TEST/VPP_ pin. The programming of the 
ST62E20B, E25B, T10B, T15B, T20B, T25B is de- 
scribed in the User Manual of the EPROM Pro- 
gramming Board. 

Other than this exception, the OTP, EPROM and 
ROM parts are fully compatible. This datasheet 
thus provides only information specific to the 
EPROM based devices. 


ROM Option Emulation 


The ROM mask options that can be selected by the 
user in the ROM devices can be selected on the 
EPROM/OTP devices by an Option Byte that can be 
programmed with the ST62E2xB EPROM program- 
ming tools available from SGS-THOMSON. This Op- 
tion Byte is automatically read, and the selected options 
enabled, when the power supply is switched on. 

The Option Byte is written during programming either 
by using the PC menu (PC driven Mode) or automat- 
ically (stand-alone mode). 


EPROM Programming Mode 


An additional mode is used to configure the part for pro- 
gramming of the EPROM. This is setbya 12.5V voltage 
applied to the TEST/VPP pin. The programming of the 
ST62E20B, E25B, and ST62T10B, T15B, T20B, T25B 
is described in the User Manual of the EPROM Pro- 
gramming Board. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E20B, E25B may be erased by exposure to Ultra 
Violet light. 


The erasure characteristic of the ST62E20B, E25B is 
such that erasure begins when the memory is exposed 
to light with a wave lengths shorter than approximately 
4000A. It should be noted that sunlights and some 
types of fluorescent lamps have wavelengths in the 
range 3000-4000A. It is thus recommended that the 
window of the ST62E20B, E25B packages be covered 
by an opaque label to prevent unintentional erasure 
problems when testing the application in such an envi- 
ronment. 


The recommended erasure procedure of the 
ST62E20B, E25B EPROM is the exposure to short 
wave ultraviolet light which have a wave-length 2537A. 
The integrated dose (i.e. U.V. intensity x exposure time) 
for erasure should be a minimum of 15W-s/cm2. The 
erasure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 
12000,.W/cm? power rating. The ST62E20B, E25B 
should be placed within 2.5cm (1 Inch) of the lamp tubes 
during erasure. 
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OPTION BYTE 


The Option Byte enables emulation of the mask 
options of the ROM devices. It can only be ac- 
cessed during the programming mode. This ac- 
cess is made either automatically (copy from a 
master device) or by selecting the “OPTION BYTE 
PROGRAMMING” mode of the programmer. The 
option byte is located in a non-user map. No ad- 
dress has to be specified. 


Figure 4. EPROM Code Option Byte 


EPROM Code 
Option Byte 


OSGEN OSG Enable 

WDACT: Watchdog Activaton Selecton 
TIM PULL: Timer Pult-up Selection 

NMI PULL: NMI Pultup Selecton 

DEV: Device Selection 

D5 set (D5 =1) 

OSCIL: Osallator Selection 

PROTECT: Readout Protection 


PROTECT. This bit allows the protection of the 
software contents against piracy. When the bit 
PROTECT is set high, readout of the EPROM/OTP 
contents is prevented by hardware. No program- 
ming equipment is able to gain access to the user 
program. When this bit is low, the user program 
can be read. This bit emulates the READOUT 
PROTECTION mask option of ROM devices. 


OSCIL. When this bit is high, the oscillator must be 
controlled by a quartz crystal, a ceramic resonator 
or an external frequency. When it is low, the oscil- 
lator must be controlled by an RC network, with 
only the resistor having to be externally provided. 
This bit emulates the OSCILLATOR mask option of 
ROM devices. 


DEV. This bit must be set to one on the ST62T15B, 
T25B and E25B devices. It must be cleared to 0 on 
the ST62T10B, T20B and E20B. This bit is used to 
tie I/O pins not connected in the 20 pin packaged 
devices to Vpp in order to avoid unconnected 
CMOS inputs. 
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NMI PULL. This bit must be set high to configure 
the NMI pin with a pull up resistor. When it is low, 
no pull up is provided. This bit emulates the NMI 
PIN PULL-UP mask option available in ROM de- 
vices. 


TIM PULL. This bit must be set high to configure 
the TIMER pin with a pull up resistor. When it is 
low, no pull up is provided. This bit emulates the 
TIMER PIN PULL-UP mask option available in 
ROM devices. . 


WDACT. This bit controls the watchdog activation. 
When it is high, hardware activation is selected. 
The software activation is selected when WDACT 
is low. This bit emulates the WATCHDOG ACTIVA- 
TION mask option of ROM devices. 


OSGEN. This bit must be set high to enable the 
Oscillator Safe Guard. When this bit is low, the 
OSG is disabled. This bit emulates the OSG mask 

option available in ROM devices. : 


Table 1. OTP Memory Map 


ST62T10B, ST62T15B 
(2K ROM Devices) 


Reserved ") 

User ROM 
Reserved ") 
Interrupt Vectors 
Reserved 

NMI Interrupt Vector 
Reset Vector 


Device Address 


0000h-087Fh 
0880h-OF9Fh 
OFAOh-OFEFh 
OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


Note 1. Reserved Areas should be filled with FFh 


ST62T20B, T25B 
(4K ROM Devices) 


Reserved “) 

User ROM 
Reserved ") 
Interrupt Vectors 
Reserved 

NMI Interrupt Vector 
Reset Vector 


Device Address 


0000h-007Fh 
0080h-OF9Fh 
OFAOh-OFEFh 


OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


Note 1. Reserved Areas should be filled with FFh 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 


This product contains devices to protect the inputs 
against damage due to high static voltages, how- 
ever it is advised to take normal precaution to avoid 
application of any voltage higher than maximum 
rated voltages. 


For proper operation it is recommended that Vand 
Vo must be higher than Vss and smaller Vpp. Reli- 
ability is enhanced if unused inputs are connected 
to an appropriated logic voltage level (Vbp or Vss). 


Junction Temperature 


Power Considerations. The average chip-junc- 
tion temperature, Tj, in Celsius can be obtained 
from : 


Tj = Ta + PD x RthJA 
Where :Ta = Ambient Temperature. 


RthJA = Package thermal resistance | 
(junction-to ambient). 


PD = Pint + Pport. 
Pint= = Ipp x Vpp (chip internal power). 
Pport= Port power dissipation 


(determinated by the user). 


Storage Temperature -60 to 150 


Notes: 


Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 


may affect device reliability. 


1. Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as 


injection currentis kept within the specification. 


THERMAL CHARACTERISTIC 


Parameter 


s 
. 


Thermal Resistance 


SG¢S- SO 
ky, eee 
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RECOMMENDED OPERATING CONDITIONS 


fosc= 2MHz 
fint= 2MHz 


' Operating Supply Voltage fosc= 4MHz 
: one : fint= 4MHz 


fosc = B8MHz 
fint=8MHz 


Pin eet oem (positive) 
Digital Input 
Analog Inputs" ) 


Pin Injection Current (negative) 
Digital Input “ Vop = 4.5 to 5.5V 
Analog Inputs 


Notes : 

1. Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins. 

2. Ifa total current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the 
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB. 

3. Aninternal frequency above 1MHz is recommended for reliable A/D results. 


Maximum O FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (Vpp 


Maximum FREQUENCY ( MHz ) 


FUNCTIONALITY IS NOT.. 
GUARANTEED 
_ IN THIS AREA 


| 


eNO RNR ater ten mmm 1 area 


3 3.5 4 4.5 


SUPPLY VOLTAGE ( V,, ) 


VR01807C 


The shaded area is outside the ST62T10B/T15B operating range, device functionality is not guaranteed. 
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a ELECTRICAL CHARACTERISTICS 
= -40 to +85°C unless otherwise specified) 


Input Low Level 
Voltage 
TIMER,NMI,RESET pins 


Input High Level 
Voltage 
TIMER,NMI,RESET pins 


Hysteresis Voltage 
All Inputs 


Low Level Output 
Voltage 
TIMER pin 


High Level Output 
Voltage mon 5, Vpp x 0.65 
TIMER pin 


Input Leakage Current™ | Vin=Vss 
TIMER, NMI pins Vin= Vop 
Vin=Vpp; Watchdog Res. Aes 
Input Leakage Curent | yf No Wath Fes i 
P Vin=Vss; External Res. -30 


Supply Current in Vreset= Vss 
RESET Mode fosc= 8MHz 


Vpp = 5.0V finr=8MHz 
Vpp= 5.0V __fint=firao 
vop = 3.0V  fint=2MHz 


Supply ene in 
RUN Mode @ 


Supply Current in Vop= 5.0V_ fint=8MHz 
WAIT Mode ®) Vpp=5.0V  fint=firao 
vpp= 3.0V — finr=2MHz 


Supply Current in lLoap= OMA 
STOP Mode ©) Vop= 5.0V 


Notes : 

1. Only when pull-ups are not inserted 

2. All peripherals running 

3. A/D Converter in Stand-by 

4. Hysteresis voltage between switching levels 
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AC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Test Conditions 


Vpp = 3.0V; OSG disabled 
Vpp = 4.0V; OSG disabled 
Vpp = 4.5V; OSG disabled 


t Oscillator Start-up Time Ceramic Resonator 5 400 
a at Power On }) Cri = Cie = 22pF 
8MHz Ceramic Resonator 
0.2 100 
; Oscillator STOP mode Cii=CLe=22pF 
oe Recovery Time Mie Guanes 
CL1=C12=22pF 10 100 


TwrR 100 
100 
Ta=55T 


Output Capacitance All Outputs Pins Pf | to | opr 


Notes: 
1. Period for which Vpp has to be connected at OV to allow internal Reset function at next power-up. 
2. See Figure 5. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application. 


Figure 5. Power On Reset 


wcuwen| Let 


Berea eee | 
| 

, 2048 cycles | 

| 

| 


INTERNAL 
RESET 


t 
VA0295B 
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RC Oscillator, fosc Frequency versus RNET (Typical Values) 


10 


——— ft =a =s 
mm 
Hee ee Ee 


10000 
R = Kohms 
%* 3 Volts 4 Volts ** 5 Volts + 6 Volts 
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 
VRO01935 


RC Oscillator, fosc Frequency versus RNET (Typical Values) 


Von = 5 Volts 


™ 25- C ™°85-C 


The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 


VR01935A 
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ELECTRICAL CHARACTERISTICS (Continued) 


CURRENT CONSUMPTION 


IDD Current Versus Supply Voltage 


Typical Values(Ta : +85°C) 


WAIT MODE 


RUN MODE 


32KHz(1) 4|MHz 8|MHz 


VR01993C 


Note1. Using the network described in the Application Note AN673 


@® 
dS) 
w 
= 
oer) 
> 
Te) 
2 
= 
OS 
nO == 
3 
ae] 
>s$ 
eC 
eg 
> b> 
O 
jm) 
Q 


VR01993D 
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I/O PORT CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Input Low Level Voltage I/O Pins 


Vpp= 5.0V 

loc= 10pA , All I/O Pins 
loc= 5mA , Standard I/O 
lo= 10mA 


lo= 20mA } PAQ-PA3 


lon= — 10HA 
High Level Output Voltage loH= — 5mA, Vpp= 5.0V 
lou= — 1.5mA, Vop= 3.0V 


Vin= Vpp or Vss 
Input Leakage Current Vpp= 3.0V 


I/O Pins (pull-up resistor off) Vpp= 5.5V 


TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


fint 


STOP Mode 


Input Frequency on TIMER Pin 


Run and Wait Modes 


Pulse Width at TIMER Pin 
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ees CONVERTER CHARACTERISTICS 
A= -40 to +85°C unless otherwise specified) 


=u re ree 

(1) fosc > 1.2MHz 

Total Accuracy fosc > 32kHz 
a 


os Zero Input Reading alae result when oa 


Test Conditions 


LSB 


cs Full Scale Reading ae result when 


Analog Input Current During Vpp= 4.5V 
Conversion 
ACiw® | Analog Input Capacitance 
past Analog Source Impedance 


Notes: 


1. Noise at VDD, VSS <10mV 


2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. 
3. Excluding Pad Capacitance. 
4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start. 
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PACKAGE MECHANICAL DATA 


20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width 


| Min | | Min | 

pA | | fst | |0225 

Ai [oso] | 1.78 |0.020| | 0.070] 

4o| [055 |o016] | 0.022 
|| 152] 0.050] 
| {031 {ooos] | 
a FX) a 
| 127 [0020] 
pete | ete | 
a 2 a ee 
a A34{ 
a [eal 
= 


Lom] 
oS 


i 
w= 


Pf 0.134) 
0.090 
| 4390167] | 0.173| 


Number of Pins 


ro oO fm) 
wo _~ ine) 


So — 
© ro] 
So on 
N“N (To) 


4.24 


VROC1725 


|B |o40} | 055 |o.016| | 0.022| 
Bi | 4a7{ [142] 046 | | 056 | 
.C [022] | 031 |o009| | 0.012| 


VROB1725 
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ST62T10B,715B,120B,T25B - ST62E20B,E25B 
ORDERING INFORMATION TABLE 


Sales Type a Abe Additional Features src 
ST62T10BB6 i : PDIP20 
ST62T10BM6 OTP PSO20 

2K Bytes 
ST62T15BB6 - PDIP28 
ST62T15BM6 -40 to +85°C PSO28 
ST62T20BB6 mp:Converter PDIP20 
12 
ST62T20BM6 OTP . PSO20 
4K Bytes 
ST62T25BB6 PDIP28 
ST62T25BM6 PSO28 
ST62E20BF1 FDIP20 
EPROM 0 to +70°C 
ST62E25BF1 aK Bytes FDIP28 
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8-BIT OTP/EPROM HCMOS MCUs WITH A/D CONVERTER 


a 3.0 to 6.0V Supply Operating Range 

se 8 MHz Maximum Clock Frequency 

u -40 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 

® 5 different interrupt vectors 

a Look-up table capability in EPROM 


a User ROM: 1828 bytes (ST62T 10, T15) 
3876 bytes (ST62x20, x25) 
a Data ROM: User selectable size 
(in program ROM) 
a Data RAM: 64 bytes 


a PDIP20, PSO20 (ST62T10,T20) packages 
a» PDIP28, PSO28 (ST62T15,T25) packages 
a» FDIP20, CSO20 (ST62E20) packages 
a FDIP28, CSO28 (ST62E25) packages 


a 12/20 fully software programmable I/O as: 


— Input with pull-up resistor : (Ordering Information at the end of the datasheet) 
— Input without Pull-up resistor 

— Input with interrupt generation 
— Open-drain or push-pull outputs 
— Analog Inputs 


a 41//O lines can sink up to 20mA for direct LED or 
TRIAC driving 


« 8 bit counter with a 7-bit programmable prescaler 
(Timer) 


a Digital Watchdog 


a 8 bit A/D Converter with up to 8 (ST62T10, 
S1T62x20) and up to 16 (ST62T15, ST62x25) 
analog inputs 


a On-chip clock oscillator 

= Power-on Reset 

a One external not maskable interrupt 
= 9 powerful addressing modes 


=» The ST62E20, E25 are the EPROM versions, 
the ST62T10, T15, T20, T25 are the OTP ver- 
sions, fully compatible with ROM versions CSO20W CcSO28W 
ST6210, 15, 20, 25. 
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Figure 1: ST62T10,ST62x20 Pin Configuration 


Voo 
TIMER 
OSCin 

OSCout 

NMI 

Vpp/ TEST 


Ain / PB7 
Ain / PB6 


Ain/PB5 10 


PBO / Ain 
PB1 / Ain 
PB2 / Ain 
PBS / Ain 
PB4 / Ain 
VROA1804 


Vo 
TIMER 
OSCin 

OSCout 

NMI 

Ain / PC7 
Ain / PC6 


Ain / PC5 
Ain / PC4 
Vpp/ TEST 

RESET 
Ain / PB7 
Ain / PB6 


Figure 2. ST62T15,ST62x25 Pin Configuration 


PA4 / Ain 
PAS / Ain 
PAG / Ain 
PA7 / Ain 
PBO / Ain 
PB1 / Ain 
PB2 / Ain 
PB3 / Ain 


Ain / PBS PB4 / Ain 
VR001804 


Figure 3. ST62T10,1T15,x20,x25 Block Diagram 


PAO..PA3 (20mA Sink) 


8 BIT 
eae PA4..PA7 / Ain* 
Test [ TEST 
PBO..PB7 / Ain 


USER PROGRAM 


nel DATA RAM 


1828 Bytes (1) 64 Bytes 
3878 Bytes (2) x basi 


PC4..PC7 / Ain * 


DATA ROM 
USER 
SELECTABLE 


<—_ )] DIGITAL WATCHDOG 


* NOT AVAILABLE ON ST6210/ 20 


(1) ST6210 / 15 
- (2) ST6220/ 25 


STACK LEVEL 4 
STACK LEVEL 5 
STACK LEVEL 6 


tL 
OSCIN OSCOUT RESET VR001805 
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GENERAL DESCRIPTION 


The ST62T10, T15, T20, T25, E20 and E25 micro- 
controllers are members of the 8-bit HCMOS 
ST62xx family, a series of devices oriented to low- 
medium complexity applications. They are 
OTP/EPROM versions of the ST6210B, ST6215B, 
ST6220B and ST6225B devices respectively. 


All ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6220, E25 and OTP 
$162T10, T15, T20, T25 are: the Timer peripheral 
that includes an 8-bit counter with a 7-bit software 
programmable prescaler, the digital watchdog 
(DWD), an 8-bit A/D Converter with up to 8 
(ST6210, 20) or 16 (ST6215, 25) analog inputs. 
Thanks to these peripherals, these devices are 
- well suited for automotive, appliance and industrial 
applications. 

ST62E20, E25 are user programmable and eras- 
able devices. They are best suited for develop- 
ment. 

S1T62T10,T15,120,T25 are One Time Programma- 
ble devices (OTP). These offer the best cost/flexi- 
bility trade-off for prototyping and preseries as well 
as most low to medium volume applications. 

The EPROM ST62E20, E25 and OTP ST62T10, 
T15, T20, T25 are downward compatible with the 
ROM ST621 XB/2XB. They include the same func- 
tionalities and blocks as these ROM devices with 
the following exceptions: no RC network, no Oscil- 
lator Safe Guard (OSG), no external STOP Mode 
Control, no readout protection and no option byte. 


DEVICE SUMMARY 


EPROM | ROM Pins Device 
ST62T10 /stestio| | ak | 12 | stecio aon 
psrearss | |_| 20 | stots | 
pstezreo | | ae | 12 | T6200 
fem pw be ve 


ST6210 
ST62E20 ST6220 


ST6215 


PIN DESCRIPTION | 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


$1T62T10-115-T20-T25-E20-E25 


OSCIN and OSCOUT. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal, a ceramic resonator or an external 
clock signal can be connected between these two 
pins in order to allow the correct operation of the 
MCU with various stability/cost trade-offs. The OS- 
CIN pin is the input pin, the OSCOUT pin is the out- 
put pin. 

RESET. The active low RESET pin is used to re- 
start the microcontroller to the beginning of its pro- 
gram. 


TEST/Vpp. The TEST must be held at Vss for nor- 
mal operation. If TEST pin is connected to a 
+12.5V level during the reset phase, the EPROM 
programming Mode is entered. 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external not maskable inter- 
rupt to the MCU. The NMI is falling edge sensitive. 
NMI pin is not internally connected to an on-chip 
pull-up resistor which is available as a mask option 
for ROM devices. The pull-up resistor has to be 
provided externally. 


TIMER. This is the timer I/O pin. In input mode it is 
connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
Clock. In the output mode the timer pin outputs the 
data bit when a time-out occurs. TIMER pin is not 
internally connected to an on-chip pull-up resistor 
which is available as a mask option for ROM de- 
vices. The pull-up resistor has to be provided exter- 
nally. 


PAO-PA3,PA4-PA7(*). These 8 lines are organ- 
ized as one I/O port (A). Each line may be config- 
ured under software control as inputs with or 
without internal pull-up resistors, interrupt generat- 
ing inputs with pull-up resistors, open-drain or 
push-pull outputs. PAO-PA3 can also sink 20mA 
for direct led driving while PA4-PA7 can be pro- 
grammed as analog inputs for the A/D converter. 
(*) PA4-PA7 are not available on ST62T10, 
ST62x20. 


PBO-PB7. These 8 lines are sais as one I/O 
port (B). Each line may be configured under soft- 
ware control as inputs with or without internal pull- 
up resistors, interrupt generating inputs with 
pull-up resistors, open-drain or push-pull outputs 
and as analog inputs for the A/D converter. 


PC4-PC7(*). These 4 lines are organized as one 
I/O port (C). Each line may be configured under 
software control as inputs with or without internal 
pull-up resistors, interrupt generating inputs with 
pull-up resistors, open-drain or push-pull outputs 
and as analog inputs for the A/D converter. 

(") PC4-PC7 are not available on ST627T10, 
ST62x20. 
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ST62T10, T15, T20, T25, E20 and E25, 
OTP/EPROM DESCRIPTION 


The ST62E20 EPROM device emulates the 
ST6210B and S1T6220B ROM devices. The 
ST62E25 EPROM device emulates the ST6215B 
and ST6225B ROM devices. 


Care must be taken when emulating the 2K ROM 
devices to start the program at the correct address 
(see Memory Map for 2K Devices) 


EPROM parts are programmed using any pro- 
gramming equipment supporting it and validated 
by SGS-THOMSON. Once erased, the device can 
be reprogrammed. 


The ST62T10, T15, T20, T25 OTP devices are the 
counterparts of the ST6210B,15B,20B,25B ROM 
devices. OTP (One Time Programmable) parts are 
low cost devices which have to be programmed 
like EPROM devices. Unlike EPROM devices, 
OTPs cannot be erased once programmed. 


From a user point of view, once programmed, these 
OTP and EPROM products have the same software 
and hardware features as the ROM ST621XB/2XB 
versions, except : 

- No internal pull-up resistor available on pin NMI 

- No internal pull-up resistor available on pin TIMER 
- No RC network 

- No Oscillator Safe Guard (OSG) 

- No External STOP Mode Control 

- No Readout protection 


Other than these exceptions, ST62T10, T15, T20, 
T25 and ST62E20, E25 are fully compatible with 
the ST6210B, 15B, 20B, 25B equivalents, this 
datasheet thus provides only information specific 
to the EPROM based devices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6210, 15, 20, 25 ROM 
DEVICE FOR FURTHER DETAILS. 


Table 1. OTP Memory Map 
ST62T10, ST62T15 (2K ROM Devices) 


0000h-087Fh Reserved ") 
0880h-0F9Fh User ROM 
OFAOh-OFEFh Reserved ") 
Interrupt ide 
Reserved "' 
NMI Interrupt — 
Reset Vector 


OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


Notes : 
1. Reserved Areas should be filled with FFh 


EPROM Programming Mode 


An additional mode is used to configure the part for 
programming of the EPROM, this is set by a 12.5V 
voltage applied to the TEST/Vpp pin. The program- 
ming of the OTP and EPROM parts is described in 
the User Manual of the EPROM Programming 
board. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E20, E25 may be erased by exposure to Ultra 
Violet light. 


The erasure characteristic of the ST62E20, E25 is 
such that erasure begins when the memory is ex- 
posed to light with a wave lengths shorter than ap- 
proximately 4000A. It should be noted that 
sunlights and some types of fluorescent lamps 
have wavelengths in the range 3000-4000A. It is 
thus recommended that the window of the 
ST62E20, E25 packages be covered by an 
opaque label to prevent unintentional erasure 
problems when testing the application in such an 
environment. 


The recommended erasure procedure of the 
ST62E20, E25 EPROM is the exposure to short 
wave ultraviolet light which have a wave-length 
2537A. The integrated dose (i.e. U.V. intensity x 
exposure time) for erasure should be a minimum of 
15W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultra- 
violet lamp with 12000WW/cme2 power rating. The 
ST62E20, E25 should be placed within 2.5cm 
(1Inch) of the lamp tubes during erasure. 


ST62T20, ST62T25 (4K ROM Devices) 


0000h-007Fh Reserved ") 
0080h-0F9Fh User ROM 
OFAOh-OFEFh Reserved ) 
OFFOh-OFF7h Interrupt vere 
OFF8h-OFFBh Reserved ") 
OFFCh-OFFDh NMI Interrupt Vector 
OFFEh-OFFFh Reset Vector 


Notes: 
1. Reserved Areas should be filled with FFh 
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ELECTRICAL CHARACTERISTICS Power Considerations. The average chip-junc- 

Absolute Maximum Ratings tion temperature, Tj, in Celsius can be obtained 
from : 

This product contains devices to protect the inputs 

against damage due to high static voltages, how- T= Ta+ PD x RthJA 

ever it is advised to take normal precaution to avoid Where:Ta = Ambient Temperature. 


application of any voltage higher than maximum 


RthJA = Package thermal resistance 
rated voltages. 


(junction-to ambient). 


For proper operation it is recommended that Vi and PD = Pj p 

Vo must be higher than Vss and smaller Vpp. Reli- weep a 

ability is enhanced if unused inputs are connected Pint= —Ipp x Vpp (chip internal power). 
to an appropriated logic voltage level (Vpp or Vss). Pport= Port power dissipation 


(determinated by the user). 


. 


ce 


Note : Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


m 
m 
m 


A 

A 

A 
°C 
°C 
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RECOMMENDED OPERATING CONDITIONS 


Operating Temperature i als aie ; Fs 


4.5 <Vpp < 6.0V 
Vop = 3.5V 
Vop = 3.0V 


ss 
Pin Injection Current (positive) 
lings Digital Input 
Analog Inputs 2) 
Pin Injection Current (negative) a 
linu- Digital Input Yop > 022" 
_ | Analog Inputs ©) 


Notes: 
1.An oscillator frequency above 1MHzis recommended for reliable A/D results. 


2.A current of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins. 


3.If a total current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the 
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB. 
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DC ELECTRICAL CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Parameter Test Conditions 


Input Low Level Voltage RESET Pin 
Vpp=5V 
Vpp=3V 


Input High Level Voltage RESET Pin 
Vpp=5V 
Vpp=3V 


Input Leakage Current RESET Pin 
Vin=Vop ") 
Vin=Vop © 
Vin=Vss 


Input Low Level Voltage NMI, TIMER 
Vpp=5V 
Vpp=3V 


Input High Level Voltage NMI, TIMER 
Vop=5V 
Vpp=3V 


Low Level Output Voltage aarp lOL=5.0mA 
a TIMER, lot=-5.0mA 
High Level Output Voltage Vope5V 


Input Leakage Current TIMER 
Vin=Vpp or Vss 
Vin=5.0V 
Vin=3.9V 


VreseT=Vss 
Supply Current in RESET Mode fosc=8MHZz 


fosc=8MHz 
ILoapb=OMA 
Vpp=5.0V 


fosc=8MHz (4) 
ILoap=OmA 
Vpp=5.0V 


Notes : 

1. No Watchdog Reset Actived. 

2. Reset generated by Watchdog. 

3. When the Watchdog function is activated the STOP instruction is deactivated. WAIT instruction is automatically executed. 
4. Timer and A/D in OFF state. : 
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AC ELECTRICAL CHARACTERISTICS 
Ta= — 40 to + 85°C unless otherwise specified 


Test Conditions 


Parameter 


Oscillator Frequency 


Interrupt Pin Maximum Pulse Widht 


Oscillator Start-up Time 
Sta Supply Rise Time 
Supply Recovery Time 


TWN! Minimum Pulse Width NMI Pin 400 
Vpp=5V 


Minimum Pulse Width RESET Pin 
Input Capacitance All Inputs Pins 
Output Capacitance All outputs Pins 


8/15 . 
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VO PORTS CHARACTERISTICS 
(Ta= — 40 to + 85°C unless otherwise specified) 


ES Input Low Level Voltage I/O Pins - ; V 


Vpp= 5.0V 
loc= 190A , All I/O Pins 
lot= 5mA , Standard I/O 


loc= 10mA , PAO-PA3 
lo.= 20mA , PAO-PAS 


lon= — 10nA 
lon= — 5mA, Vpp= 5.0V 
lou=— 1.5mA, Vpp= 3.0V 


Vin= Vpp or Vss 
Vpp= 3.0V 
Vop= 5.5V 


TIMER CHARACTERISTICS 
(Ta= — 40 to + 85°C unless otherwise specified) 


Symbol Parameter Test Conditions 


fosc 
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A/D CONVERTER CHARACTERISTICS 
TA 0 to + 85°C unless otherwise specified 


Test Conditions 


fosc > 1.2MHz 
Total Accuracy fosc > 32kHz 


= 
S 
- | 0 


: +2 
vox _[Comonionferse | 
; Conversion result when 
ESR Full Scale Reading Conversion result when 
Vin = AVpp 
(2) 
Analog Input Current During 2 


ACin® Analog Input Capacitance | 
Analog Reference Supply Impedence iain 


1. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. It is recommended not to use the A/D with 
fOSC < 1Mhz. 


2. In ST6210, ST6215, ST6220 and ST6225 AVSsS and AVDD are internally connected to digital VSS and VDD. 


z 


3. Excluding Pad Capacitance. 


10/15 SGS- 
—$$_W1!_—— 496 SSnnisss 
92 


91627T10-115-T20-T25-E20-E25 


PACKAGE MECHANICAL DATA 


20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width 


| mm | inches 
[Min | Typ | Max | Min | Typ | Max | 
pA {| sit | 0225] 
| At |oso| {178 {0.020| | 0.070| 


VROC1725 


28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Widht 


es 
At [oso] {1.78 |0020| | 0.070| 
|B |o4o| {055 /oo16| [0.022 
Bi | ta7| [142.046 || 056 | 
| C [022] | 031 |oo09| [0.012 | 
Df] | fsetof | 4.500 | 


bi [isa] [249] 060 | | 098 | 
pet-t{-j|-|-|-|- | 
61 [isos _isas] sa | {6 


VROB1725 
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PACKAGE MECHANICAL DATA (Continued) 


20-Pin Dual in Line Plastic, 300-Mil Width 


VROA1725 


28-Pin Dual in Line Plastic, 600-Mil Width 


| inches _—| 
iin) Ty | Ha 
2} 10.1681 


att 
pas | fae as a 
ret | [ast [ |oiol 
iN Pe aa | 


VRO01725 
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‘PACKAGES MECHANICAL DATA (Continued) 


20-Lead Small Outline Plastic, 300-Mil Width - 


cae ome te 
035] 049 | o1se| | 
C_| 0.23 | 


eet 


ron) 

— “NI 
iw ron 
~“ ° 

“i 

wo 

rap) 

—_e 


ho |O 
(ioe [ee] 
—1cO 
>| 


oO 


1.27 


Oo ho |S (on) 
[on ] — 1o Cc 


= 
=I 
3 
lox 
oO 
fad 
° 
—s 
aS 
a3 
” 


VRO01726 


4 
as 
— 
i 
Ed 
fee 
=a 
td 
hee 


8 mia 
nN 
S BY 


Number of Pins 


VRO01726 
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PACKAGES MECHANICAL DATA (Continued) 


20-Lead Small Outline Ceramic, 300-Mil Width 


PN] UC 


VROA1732 


VROA1732 
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ORDERING INFORMATION TABLE 


OTP/ +a: Temperature 
ST62T10B6/HWD Hardware WatchDog SRIPoG 
$T62T10B6/SWD Software WatchDog 
-40 to +85°C 
Hardware WatchDog 
Software WatchDog PSO20 
Hardware WatchDog 
Software WatchDog PDIP28 
-40 to +85°C 
Hardware WatchDog 
Software WatchDog PSO28 
Hardware WatchDog 
Software WatchDog PDIP20 
-40 to +85°C 
Hardware WatchDog 
Software WatchDog PSO20 
Hardware WatchDog 
Software WatchDog PDIP28 
-40 to +85°C 
Hardware WatchDog 
Software WatchDog PSO28 
Hardware WatchDog 
Software WatchDog FDIP20 
0 to +70°C 
Hardware WatchDog 
Software WatchDog CS020 
FDIP28 
0 to +70°C 
CS028 


ST62T10M6/HWD 
ST62T10M6/SWD 


ST62T15B6/HWD 
ST62T15B6/SWD 


ST62T15M6/HWD 
ST62T15M6/SWD 


ST62T20B6/HWD 
ST62T20B6/SWD 


ST62T20M6/HWD 
ST62T20M6/SWD 


ST62T25B6/HWD 
ST62T25B6/SWD 


ST62T25M6/HWD 
ST62T25M6/SWD 


ST62E20F1/HWD 
ST62E20F1/SWD 


ST62E2081/HWD 
$T62E20S1/SWD 


ST62E25F1/HWD 
ST62E25F1/SWD 


Hardware WatchDog 
Software WatchDog 


Hardware WatchDog 
Software WatchDog 


ST62E25S1/HWD 
ST62E25S1/SWD 
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s PDIP20, PSO20 (ST6260B) packages 


8-BIT HOMOS MCUs WITH 
A/D CONVERTER, EEPROM & AUTO-RELOAD TIMER 


PRELIMINARY DATA 


3.0 to 6.0V Supply Operating Range 

8 MHz Maximum Clock Frequency 

-40 to +85°C Operating Temperature Range 
Run, Wait & Stop Modes 

5 different interrupt vectors 

Look-up table capability in ROM 


User ROM: 3884 bytes 

Data ROM: User selectable size 
(in program ROM) 

Data RAM: 128 bytes 

EEPROM: 128 bytes 


PDIP28, PSO28 (ST6265B) packages 

13/21 fully software programmable I/O as: 

— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 

6/8 I/O lines can sink up to 20mA for direct LED 
or TRIAC driving 


8 bit counter with a 7-bit programmable prescaler 
(TIMER 1) 


8 bit Auto-reload Timer with 7-bit programmable 
prescaler (AR TIMER) 


Digital Watchdog 


8 bit A/D Converter with up to 7 (ST6260B) and 
up to 13 (ST6265B) analog inputs 


8 bit Synchronous Peripheral Interface (SPI) 


On-chip clock oscillator driven by Quartz Crystal, 
Ceramic resonator or RC network 

User configurable Power-on Reset 

One external not maskable interrupt 

9 powerful addressing modes 

The development tool of the ST626xB microcon- 
trollers consists of the ST626xB-EMU emulation 
and development system connected via a stand- 


ard RS232 serial line to an MS-DOS Personal 
Computer 


(Ordering Information at the end of the datasheet) 


July 1994 1/86" 


This is Preliminary Data from SGS-THOMSON. Details are subject to change without notice. 
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Figure 1. ST6260B Pin Configuration 


PBO 
PB1 
TEST 
PB2 
PB3 


PC2/Sin/ Ain 
PC3 / Sout / Ain 
PC4/SCK/ Ain 
NMI 

RESET 


Figure 2. ST6265B Pin Configuration 


PBO 
PB1 
TEST (1) 
PB2 
PB3 


PCO / Ain 

PC1 / TIM1 / Ain 
PC2/Sin/ Ain 
PC3 / Sout / Ain 
PC4/SCK/ Ain 


PB4 NMI 
RESET 
ARTIMin / PB6 OSCout 
ARTIMout / PB7 OSCin 
Ain / PAO PA7 / Ain 
Vop PAG / Ain 
Vss PAS / Ain 
Ain / PA1 PA4 / Ain 
Ain/ PA2 PAS / Ain 
VR001822 


ARTIMin / PB6 OSCout 


ARTIMout / PB7 OSCin PB5 


Ain / PAO PAS / Ain 
Vop PA2/ Ain 
PAI / Ain 


VR001821 


Note 1: This pin is also the Vpp input for EPROM based devices 


Figure 3. ST6260B/65B Block Diagram 


TEST LJ 


PAO..PA3 / Ain 
<—>| PORTA KUT) pag paz / ain * 
=> PORT B CE PBO..PB3 / 20mA SINK 


PB4..PB5 / 20mA SINK * 


PB6 / ARTIMin / 20ma SINK 
PB7 / ARTiMout / 20ma SINK 


DATA ROM 


USER PCO / Ain * 
SELECTABLE Cy PorTC ALI) poastimisain® 


USER PROGRAM PC2 / Sin / Ain 
ROM DATA RAM PC3 / Sout / Ain 
3884 Bytes 128 Bytes 
=, TIMER 1 
DATA EEPROM 
ee 
TIMER 


PC4 / SCK/ Ain 
SERIAL PERIPHERAL 
STACK LEVEL 2 Vv INTERFACE (SPI) 
STACK LEVEL 3 Goa 
STACK LeveLa | | 8 BIT CORE | DIGITAL WATCHDOG 
STACK LEVEL 5 


Ain = Analog Input 


* NOT AVAILABLE ON ST6260B 


8 BIT 
OSCILLATOR : 
POWER at \—7| WD CONVERTER 
SUPPLY | | DIVIDER 
ae Pe ae 


| 
Vpp Veg OSCin OSCout RESET 


VR001823 
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GENERAL DESCRIPTION 


The ST6260B and ST6265B microcontrollers are 
members of the 8-bit HCMOS ST62xx family, a 
series of dévices oriented to low-medium complexity. 
applications. All ST62xx members are based on a 
building block approach: a common core is sur- 
rounded by a combination of on-chip peripherals 
(macrocells). The macrocells of the ST6260B and 
ST6265B are: the Timer peripheral that includes an 
8-bit counter with a 7-bit software programmable 
prescaler ( Timer 1), the 8-bit with 7 bit programma- 
ble prescaler (AR Timer), the 8-bit A/D Converter with 
up to 7 (ST6260B) and up to 13 (ST6265B) analog 
inputs (A/D inputs are alternate functions of I/O pins), 
the Digital Watchdog (DWD) and an 8-bit Serial 
synchronous Peripheral Interface (SPI). In addition, 
these devices offer 128 bytes of EEPROM for non 
volatile data storage. 


The ST626xB are upward compatible with their 
©1626x counterparts. They feature in addition to 
RC network, user configurable Power on Reset 
delay and an External STOP Mode Control option 
to enlarge the range of power consumption/safety 
trade-offs. 


ST6260B and ST6265B are well suited for automo- 


tive, appliance and industrial applications. The 
ST62E60 and ST62E65B EPROM versions are 
available for prototypes and low-volume produc- 
tion; also OTP versions are available. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. When 
the QUARTZ/CERAMIC RESONATOR mask op- 
tion is selected, a quartz crystal, a ceramic resona- 
tor or an external clock signal can be connected 
between these two pins. When the RC OSCILLA- 
TOR mask option is selected, a resistor must be 
connected between the pin OSCout and the 
ground.The oscillator frequency is internally di- 
vided by 1, 2 or 4 by a software controlled divider. 
The OSCin pin is the input pin, the OSCout pin is 
the output pin. 

RESET. The active low RESET pin is used to 
restart the microcontroller to the beginning of its 
program. 


TEST. The TEST must be held at Vss for normal 
operation (an intemal pull-down resistor selects nor- 
mal operating mode if TEST pin is not connected). 

NMI. The NMI pin provides the capability for asyn- 
chronous interrupt applying an external not mask- 


316260B/65B 


able interrupt to the MCU. The NMI is falling edge 
sensitive. It is provided with an on-chip pull-up 
resistor and Schmitt trigger characteristics. 


When the option EXTERNAL STOP MODE CON- 
TROL Is enabled the NMI pin, in addition, enables the 
control of how the STOP instruction is processed. 


PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as 1 I/O pin or as analog input for the on-chip 
A/D converter. This pin is available only on the 
ST6265B (28 pin version). If programmed to be the 
TIMER?1 pin, in input mode it is connected to the 
prescaler and acts as external timer clock or as 
control gate for the internal timer clock. In the 
output mode the timer pin outputs the data bit when 
a time out occurs. 


To use this pin as TIMER 1 output a dedicated bit 
inthe TIMER1 Status/Control Register must be set. 
To use this pin as input pin the I/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTIMout. These pins are 
either Port B I/O bits or the Input and Output pins 
of the . To be used as timer input function PB6 has 
to be programmed as input with or without pull-up. A 
dedicated bit in the AR TIMER Mode Control Register 
sets PB7 as timer output function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). PA4-PA7 are not available on ST6260B 
(20 pin version). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull-up 
resistor, analog input, open-drain or push-pull output. 
PBO-PB3, PB4, PB5. These 6 lines are organized 
as one I/O port (B). PB4, PB5 are available only on 
the ST6265B (28 pin version). When the External 
STOP Mode Control is disabled, each line may be 
configured under software control as input with or 
without internal pull-up resistor, interrupt generat- 
ing input with pull-up resistor, open-drain or push- 
pull output. In output mode these lines can also sink 
20mA for direct LED and TRIAC driving. When the 
External STOP Mode Control is enabled, PBO is 
forced as open drain output. The other lines are 
unchanged. 


PCO0-PC4. These 5 lines are organized as one I/O 
port (C). PCO and PC1 are not available on 
ST6260B (20 pin version). Each line may be con- 
figured under software control as input with or 
without internal pull-up resistor, interrupt generat- 
ing input with pull-up resistor, analog input for the 
A/D converter, open-drain or push-pull output. 
PC2-PC4 can also be used as respectively Data in, 
Data out and Clock I/O pins for the on-chip SPI to 
carry the synchronous serial I/O signals. 
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ST62xx CORE 


The core of the ST62xx Family is implemented 
independently from the I/O or memory configura- 
tion. Consequently, it can be treated as an inde- 
pendent central processor communicating with I/O 
and memory via internal addresses, data, and con- 
trol busses. The in-core communication is arranged 
as shown in Figure 5; the controller being externally 
linked to both the reset and the oscillator, while the 
core is linked to the dedicated on-chip macrocells 
peripherals via the serial data bus and indirectly for 
interrupt purposes through the control registers. 


Registers 


The ST62xx Family core has six registers and three 
pairs of flags available to the programmer. They are 
shown in Figure 4 and are explained in the following 
paragraphs. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used in all arithmetic cal- 
culations, logical operations, and data manipula- 
tions. The accumulator is addressed in the data 
space as RAM location at address FFh. Accord- 
ingly the ST62xx instruction set can use the accu- 
mulator as any other register of the data space. 


Indirect Registers (X, Y). These two indirect reg- 
isters are used as pointers to the memory locations 
in the data space. They are used in the register-in- 
direct addressing mode. These registers can be 
addressed in the data space as RAM locations at 


Figure 5. ST62xx Core Block Diagram 


Figure 4. ST62xx Core Programming Model 
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ST62xx CORE (Continued) 


addresses 80h (X) and 81h (Y). They can also be 
accessed with the direct, short direct, or bit direct 
addressing modes. Accordingly, the ST62xx in- 
struction set can use the indirect registers as any 
other register of the data space. 


Short Direct Registers (V, W). These two registers 
are used to Save one byte in short direct addressing 
mode. These registers can be addressed in the 
data space as RAM locations at addresses 82h (V) 
and 83h (W). They can also be accessed with the 
direct and bit direct addressing modes. Accordingly, 
the ST62xx instruction set can use the short direct 
registers as any other register of the data space. 


Program Counter (PC) 


The program counter is a 12-bit register that con- 
tains the address of the next ROM location to be 
processed by the core. This ROM location may be 
an opcode, an operand, or an address of operand. 
The 12-bit length allows the direct addressing of 
4096 bytes in the program space. Nevertheless, if 
the program space contains more than 4096 loca- 
tions, the further program space can be addressed 
by using the Program Bank Switch register. 

The PC value is incremented, after it is read the 
address of the current instruction. To execute rela- 
tive jumps the PC and the offset are shifted through 
the ALU, where they will be added, and the result 
is shifted back into the PC. The program counter 
can be changed in the following ways: 

— JP (Jump) instruction . . PC=Jump address 
— CALL instruction PC= Call address 


— Relative Branch Instructions.PC= PC + offset 


— Interrupt PC= Interrupt vector 
— Reset PC= Reset vector 

— RET & RETl instructions | PC= Pop (stack) 
—Normalinstruction.......... PC= PC + 1 
Flags (C, Z) 


The ST62xx core includes three pairs of flags that 
correspond to 3 different modes: normal mode, 
interrupt mode and Non-Maskable-Interrupt-mode. 
Each pair consists of a CARRY flag and a ZERO 
flag. One pair (CN, ZN) is used during normal 
operation, one pair is used during the interrupt 
mode (CI, Z!) and one is used during the not-mask- 
able interrupt mode (CNMI, ZNMI). 


The ST62xx core uses the pair of flags that corre- 
spond to the actual mode: as soon as an interrupt 
(resp. a Non-Maskable-Interrupt) is generated, the 
ST62xx core uses the interrupt flags (resp. the NMI 
flags) instead of the normal flags. When the RETI 
instruction is executed, the normal flags (resp. the 
interrupt flags) are restored if the MCU was in the 
normal mode (resp. in the interrupt mode) before 


916260B/65B 


the interrupt. It should be observed that each flag 
set can only be addressed in its own routine (Not- 
maskable interrupt, normal interrupt or main rou- 
tine). The flags are not cleared during the context 
switching and so remain in the state they were at 
the exit of the last routine switching. 


The Carry flag is set when a carry or a borrow 
occurs during arithmetic operations, otherwise it is 
cleared. The Carry flag is also set to the value of 
the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The Zero flag is setif the result of the last arithmetic 
or logical operation was equal to zero, otherwise it 
is cleared. 


The switching between the three sets of flags is 
automatically performed when an NMI, an interrupt 
or a RETI instructions occurs. As the NMI mode is 
automatically selected after the reset of the MCU, 
the ST62xx core uses at first the NMI flags. 


Stack 


The ST62xx core includes true LIFO hardware 
stack that eliminates the need for a stack pointer. 
The stack consists of six separate 12-bit RAM 
locations that do not belong to the data space RAM 
area. When a subroutine call (or interrupt request) 
occurs, the contents of each level is shifted into the 
next level while the content of the PC is shifted into 
the first level (the value of the sixth level will be lost). 
When a subroutine or interrupt return occurs (RET 
or RET! instructions), the first level register is 
shifted back into the PC and the value of each level 
is popped back into the previous level. These two 
operating modes are described in Figure 6. Since 
the accumulator, as all other data space registers, 
is not stored in this stack the handling of these 
registers should be performed inside the subrou- 
tine. The stack pointer will remain in its deepest 
position if more than 6 calls or interrupts are exe- 
cuted, so that the last return address will be lost. It 
will also remain in its highest position if the stack is 
empty anda RET or RETI is executed. In this case 
the next instruction will be executed. 


Figure 6. Stack Operation 
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MEMORY SPACES 


The MCU operates in three different memory 
spaces: program space, data space, and stack 
space. A description of these spaces is shown in 
the following figures. 

Program Space 

The program space is physically implemented in 
the ROM memory and includes all the instructions 
that are to be executed, as well as the data required 
for the immediate addressing mode instructions, 
the reserved test area and the user vectors. It is 
addressed by the 12-bit Program Counter register 
‘(PC register) and so the ST62xx core can directly 
address up to 4K bytes of Program Space. ST62 
devices with more than 4K ROM use ROM banked 
program memory (not available on ST6260B, 
ST6265B). 


The ST6260B,65B program space can be pro- 
tected against external reading of the ROM con- 
tents when the READOUT PROTECTION mask 
option is selected. If this option is selected, the user 
can blow adedicated fuse on the silicon by applying 
a high voltage at Vpp, (see detailed information in the 
“Electrical Specification’). 


Note: 


Once the fuse is blown, it is no longer possible, 
even for SGS-THOMSON, to gain access to the 
ROM contents. Returned parts with blown fusecan 
therefore not be accepted. 


Figure 7. ST6260B/65B Program ROM Memory 
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MEMORY SPACES (Continued) 


Figure 8. Memory Addressing Description Diagram 
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MEMORY SPACES (Continued) 


Data Space 


The instruction set of the ST62xx core operates on 
a specific space, named Data Space, that contains 
all the data necessary for the processing of the 
program. The Data Space allows the addressing of 
RAM and EEPROM memory, ST62xx core/periph- 
eral registers, and read-only data such as con- 
stants and look-up tables. 


Data ROM. All the read-only data is physically im- 
plemented in the ROM memory in which the Program 
Space is also implemented. The ROM memory con- 
tains consequently the program to be executed, the 
constants and the look-up tables needed for the 
program. 


The locations of Data Space in which the different 
constants and look-up tables are addressed by the 
ST62xx core can be considered as being a 64-byte 
window through which it is possible to access to the 
read-only data stored in the ROM memory . 


Data RAM/EEPROM.The ST6260B/65B offer 128 
bytes of data RAM memory and 128 bytes of 
EEPROM. 64 bytes of RAM are directly addressed 
in data space in the range O80h-OBFh (static 
space). The additional RAM and EEPROM are 
addressed using the banks of 64 bytes located 
between addresses 00h and 3Fh. 


Stack Space 


The stack space consists of six 12 bit registers that 
are used for stacking subroutine and interrupt re- 
turn addresses plus the current program counter 
register. : 


Figure 9. ST6260B/65B Data Memory Space 
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MEMORY SPACES (Continued) 


Data Window register (DWR) 


The Data ROM window is located from address 
040h to address 7Fh in the Data space. It allows 
the direct reading of 64 consecutive bytes located 
anywhere in the ROM memory between the ad- 
dresses 0000h and OFFFh. All the bytes of the 
ROM memory can be used to store either instruc- 
tions or read-only data. Indeed, the window can 
be moved by step of 64 bytes along the ROM 
memory in writing the appropriate code in the 
Write-only Data Window register (DWR register, 
location C9h). 


The DWR register can be addressed like a RAM 
location in the Data Space at the address CQh, 
nevertheless it is a write only register that cannot 
be accessed with single-bit operations. This regis- 
ter is used to move the 64-byte read-only data 
window (from the 40h address to 7Fh address of 
the Data Space) up and down the ROM memory of 
the MCU in steps of 64 bytes. The effective address 
of the byte to be read as adatain the ROM memory 
is obtained by the concatenation of the 6 least 
significant bits of the register address given in the 
instruction (as least significant bits) and the content 
of the DWR register (as most significant bits, see 
Figure 9). So when addressing location 40h of 
dataspace, and 0 is loaded in the DWR register, the 
phisycal addressed location in ROM is 00h. The 
DWAR register is not cleared at reset, therefore it 
must be written to before the first access to the Data 
ROM window area. 


Figure 10. Data ROM Window Memory Addressing 
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Figure 11. Data ROM Window Register 
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MEMORY SPACES (Continued) 


Data RAM/EEPROM Bank Register (DRBR) 


The selection of the bank is made by programming 
the Data RAM Bank Switch register (DRBR register) 
located at address E8h of the Data Space according 
to Table 1. No more than one bank should be set at 
a time. 


The DRBR register can be addressed like a RAM 
location in the Data Space at the address E8h; 
nevertheless it is a write only register that cannot 
be accessed with single-bit operations. This regis- 
ter is used to select the desired 64-byte 
RAM/EEPROM bank of the Data Space. The num- 
ber of bank has to be loaded in the DRBR register 
and the instruction has to point to the selected 
location as if it was in bank 0 (from 00h address to 
3Fh address). 


This register is not cleared during the MCU initiali- 
zation, therefore it must be written before the first 
‘access to the Data Space bank region. Refer to the 
Data Space description for additional information. 
The DRBR register is not modified when an inter- 
rupt or a subroutine occurs. 


Table 1. Data RAM Bank Register Set-up 


None 
EEPROM Page 0 


EEPROM Page 1 
RAM Page 2 
Reserved 


Figure 12. Data RAM/EEPROM Bank Register 
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D7-D5. These bits are not used. 

DRBR4. This bit, when set, selects RAM page 2. 
D3-D2. These bits are not used. 
DRBR1. This bit, when set, selects EEPROM page 1. 
DRBRO. This bit, when set, selects EEPROM page 0. 


Notes: 


Care is required when handling the DRBR register 
as it is write only. For this reason, it is not allowed 
to change the DRBR contents while executing 
interrupt service routine, as the service routine 
cannot save and then restore its previous content. 
If it is impossible to avoid the writing of this register 
in interrupt service routine, an image of this register 
must be saved in a RAM location, and each time 
the program writes to DRBR it must write also to 
the image register. The image register must be 
written first, so if an interrupt occurs between the 
two instructions the DRBR is not affected. 


In DRBR Register, only 1 bit must be set. Otherwise 
two or more pages are enabled in parallel, produc- 
ing errors. 
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MEMORY SPACES (Continued) 


EEPROM Description 


The data space of ST62xx family from 00h to 3Fh 
is paged as described in Table 2. The 
ST6260B/65B has 128 bytes of EEPROM located 
in two pages of 64 bytes (page 0 and 1). 


The EEPROM is physically organized in 32 byte 
modules (2 modules per page) and does not re- 
quire dedicated instructions to be accessed in read- 
ing or writing. Once selected through the Data RAM 
Bank Register, the active EEPROM page is con- 
trolled by the EEPROM Control Register (EECTL) 
located at address EAh. E20FF bit of the EECTL 
register must be cleared to “O” prior to any write or 
read access to the EEPROM. If no bank is selected 
or if E2ZOFF is set, any access is meaningless. 


Programming must be enabled by setting bit 
E2ENA of register EECTL. 


Bit E2BUSY of EECTL register is set to 1 when the 
EEPROM is performing a programming cycle. Any 
access to the EEPROM when E2BUSY is set to 1 
is meaningless. 


Provided E2OFF and E2BUSY are cleared to 0, an 
EEPROM location is read like any other data loca- 
tion, also in term of access time. 


Writing the EEPROM can work in two modes: Byte 
Mode (BMODE) and Parallel Mode (PMODE). 
BMODE is the normal way to use the EEPROM and 
consists in accessing one byte at a time. PMODE 
consists in simultaneously programing 8 bytes of 
the same row. 


D7. Not Used 
Figure 13. EEPROM Control Register 
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E2OFF. WAITE ONLY. If this bitis set the EEPROM 
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the power consumption of the EEPROM is reduced 
to the lowest values. 
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D5, D4. Reserved, must be set to zero. 


E2PAR1. WAITE ONLY. Once in Parallel Mode, as 
soon as the user software sets the E2PAR1 bit the 
parallel writing of the 8 adjacent registers will start. 
It is internally reset at the end of the programming 
procedure. Note that less than 8 bytes can be 
written; the undefined bytes are unaffected by the 
parallel programming. 


E2PAR2. WAITE ONLY. This bit must be set by the 
user program in order to perform parallel program- 
ming (more than one byte at a time). If E2PAR2 is 
set and the parallel start bit (E2PAR1) is low, up to 
8 adjacent bytes can be written at maximum speed, 
the contents being stored in volatile registers. 
These 8 adjacent bytes are considered as a row, 
whose address lines A7, A6, A5, A4, A3 are fixed 
while A2, A1 and AO are the changing bits. E2PAR2 
is automatically reset at the end of any parallel 
programming procedure. It can be reset by the user 
software before starting the programming proce- 
dure, leaving the EEPROM registers unchanged. 


E2BUSY. READ ONLY. This bit is automatically set 
by the EEPROM control logic when the EEPROM 
is in programming mode. The user program should 
test it before any read or write EEPROM operation; 
any attempt to access the EEPROM while the busy 
bit is set will be aborted and the writing procedure 
in progress completed. 

E2ENA. WAITE ONLY. This bit enables program- 
ming of the EEPROM cells. It must be set to one 
before any write into the EEPROM register. Any 
attempt to write to the EEPROM when E2ENA is 
low is meaningless and will not trigger. a write 
cycle. 

This register is cleared at reset. 

Notes: 


The data to write has to be written directly at the 
address that it will have inside the EEPROM space. 
There is no buffer memory between the data RAM 


_ and the EEPROM spaces. 


When the EEPROM is busy (E2BUSY =“1”) EECTL 
can not be accessed in write mode, it is only 
possible to read the status of E2BUSY. This implies 
that as long as the EEPROM is busy, it is not 
possible to change the status of the EEPROM 
Control Register. EECTL bits 4 and 5 are reserved 
and must never be set to “1”. 


Care is required when handling the EECTL register 
as some bits are write only. For this reason, itis not 
allowed to change the EECTL contents while exe- 
cuting interrupt service routine, as the service rou- 
tine cannot save and then restore its previous 
content. If itis impossible to avoid the writing of this 
register in interrupt service routine, an image of this 
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MEMORY SPACES (Continued) 
Table 2. EEPROM Parallel Write Row Structure 


Dataspace 
addresses. 
Banks 0 and 1. 


38h-3Fh 
30h-37h 
28h-2Fh 
20h-27h 
18h-1Fh 
10h-17h 
O8h-OFh 
00h-07h 


Up to 8 bytes in each row may be programmed at the same time in Parallel Write mode 


register must be saved ina RAM location, and each 
time the program writes to EECTL it must write also 
to the image register. The image register must be 
written first, so if an interrupt occurs between the 
two instructions the EECTL is not affected. 


Additional Notes on Parallel Mode. If the user 
wishes to perform paralle! programming, the first 
action should be to set the E2PAR2 bit to one. From 
this time the EEPROM will be addressed in writing, 
the ROW address will be latched and it will be 
possible to change it only at the end of the program- 
ming procedure or by resetting E2PAR2 without 


programming the EEPROM. After the ROW ac-. 


dress latching the ST62xx can “see” only one 
EEPROM row (the selected one) and any attempt 
to write or read other rows will produce errors. Do 
not read the EEPROM while E2PAR2 is set. 


As soon as E2PAR2 bit is set, the 8 volatile ROW 
latches are cleared. From this moment the user can 


load data in the whole ROW or in a subset. Setting 
E2PAR1 will modify the EEPROM registers corre- 
sponding to the ROW latches accessed after 
E2PARz2. For example, if the software sets E2PAR2 
and accesses the EEPROM by writing to ad- 
dresses 18h, 1Ah, 1Bh and then sets E2PAR1, 
these three registers will be modified at the same 
time; the remaining bytes will be unaffected. Note 
that E2PAR2 is internally reset at the end of the 
programming procedure. This implies that the user 
must set E2PAR2 bit between two parallel pro- 
gramming procedures. Note that if the user tries to 
set E2PAR1 while E2PAR2 is not set there will not 
be any programming procedure and the E2PAR1 
bit will be unaffected. Consequently E2PAR1 bit 
cannot be set if E2ENA is low. E2PAR1 can be 
affected by the user to set it, only if E2ENA and 
E2PAR2 bits are also set to one. 
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TEST MODE 


For normal operation the TEST pin must be held 
low when reset is active. An on-chip 100kQ pull- 
down resistor is internally connected to the TEST 


pin. 


INTERRUPTS 


The ST62xx core can manage 4 different maskable 
interrupt sources, plus one non-maskable interrupt 
source (top priority level interrupt). Each source is 
associated with a particular interrupt vector that 
contains a Jump instruction to the related interrupt 
service routine. Each vector is located in the Pro- 
gram Space at a particular address (see Table 1). 
When a source provides an interrupt request, and 
the request processing is also enabled by the 
ST62xx core, then the PC register is loaded with 
the address of the interrupt vector (i.e. of the Jump 
instruction). 

Finally, the PC is loaded with the address of the 
Jump instruction and the interrupt routine is proc- 
essed. 


The ST6260B and ST6265B microcontrollers have 
eight different interrupt sources associated to five 
interrupt vectors as it is described in table below. 


Table 3. Interrupt Vector/Source Relationship 


CNMI | Tnferupt veotor#0)| (FFCh, FFDh) _ 
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Interrupt Vectors Description 


The ST62xx core includes 5 different interrupt vec- 
tors in order to branch to 5 different interrupt rou- 
tines in the static page of the Program Space. 


— The interrupt vector associated with the non- 
maskable interrupt source is named interrupt 
vector #0. It is located at addresses FFCh,FFDh 
in the Program Space. On ST6260B and 
ST6265B this vector is associated with the exter- 
nal falling edge sensitive interrupt pin (NMI). 


— The interrupt vector located at addresses FF6h, 
FF7h is named interrupt vector #1. It is associ- 
ated with Port A and Port B pins. It can be 
programmed by software either in the falling 
edge detection mode or in the low level sensitive 
detection mode according to the code loaded in 
the Interrupt Option Register (IOR). 


— The interrupt vector located at addresses FF4h, 
FF5h is named interrupt vector #2. It is associate 
with Port C pins and the SPI peripheral can be 
programmed by software either in the falling 
edge detection mode or in the positive edge 
detection mode according to the code loaded in 
the Interrupt Option Register (IOR). 


— The interrupt vector located at addresses FF2h, 
FF3h is named interrupt vector #3. It is associ- 
ated with the AR TIMER peripheral. 


— The interrrupt vector loaded at address FFOh, 
FF1h is named interrupt vector #4. It is associ- 
ated with the TIMER 1 and the A/D converter 
peripherals. 


All the on-chip peripherals have an interrupt re- 
quest flag bit (TMZ for timer, EOC for A/D), this bit 
is set to one when the device wants to generate an 
interrupt request and a mask bit (ETI for timer, EAl 
for A/D) that must be set to one to allow the transfer 
of the flag bit to the core. 


Interrupt Priority 


The non-maskable interrupt request NMI has the 
highest priority and can interrupt any other interrupt 
routines at any time, nevertheless the four other 
interrupts can not interrupt each other. If more than 
one interrupt request are pending, they are proc- 
essed by the ST62xx core according to their priority 
level: vector #1 has the higher priority while vector 
#4 the lower. 

The priority of each interrupt source is fixed. 
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INTERRUPT (Continued) 


Interrupt Option Register 


The Interrupt Option Register (IOR register, loca- 
tion C8h) is used to enable/disable the individual 
interrupt sources and to select the operating mode 
of the external interrupt inputs. This register can be 
addressed in the Data Space as RAM location at 
the address C8h, nevertheless it is a write-only 
register that cannot be accessed with single-bit 
operations. The operating modes of the external 
interrupt inputs associated to interrupt vectors #1 
and #2 are selected through bits 5 and 6 of the IOR 
register. 


Figure 14. Interrupt Option Register 
IOR 


neue ae Register 
(C&h, Write Only 


roll 


a; eee 


GEN = Global Enable Bit 

ESB = Edge Selection Bit 

LES = Edge Level Selection Bit 
Unused 


D7. D3-D0 These bits are not used. 


LES. Level/Edge Selection Bit. When this bit is set 
to one, the interrupt #1 (Port A, B lines) is low level 
sensitive, when cleared to zero the negative edge 
sensitive interrupt is selected. 


ESB. Edge Selection Bit. When this bit is set to one, 
the interrupt #2 (Port C lines) is positive edge 
sensitive, when cleared to zero the negative edge 
sensitive interrupt is selected. 

GEN. Global Enable Interrupt. When this bit is set 
to one, all the interrupts are enabled. When this bit 
is cleared to zero all the interrupts (excluding NMI) 
are disabled. 


This register is cleared on reset. 
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Table 4. Interrupt Option Register Description 


Falling edge mode on 
interrupt input #2 


OTHERS | NOT USED 


External Interrupts Operating Modes 


The NMI interrupt is associated to the NMI pin of the 
ST6260B/65B. The interrupt request is generated by 
a falling edge applied to the NMI pin. The NMI interrupt 
pin signal is latched and is automatically reset by the 
core at the beginning of the non-maskable interrupt 
service routine. An on-chip pull-up resistor and a 
Schmitt trigger are available at pin NMI. 


The two interrupt sources associated with the fall- 
ing/rising edge mode of the external interrupt pins 
(Ports A and B vector #1, Ports C vector #2) are 
connected to two internal latches. Each latch is set 
when a falling/rising edge occurs and is cleared when 
the associated interrupt routine is started. So, the 
occurrence of an external interrupt request is stored: a 
second interrupt, that occurs during the processing of 
the first one, will be processed as soon as the first one 
has been finished (if there is not an higher priority 
interrupt request). If more than one interrupt occurs 
during the processing of the first one, these other 
interrupt requests will be lost. 


The storage of the interrupt requests is not available in 
the level sensitive detection mode. To be taken into 
account, the low level must be present on the interrupt 
pin when the core samples the line after the execution 
of the instructions. At the end of each instruction the 
core tests the interrupt lines and if there is a pend- 
ing interrupt request the next instruction is not 
sortie and the related interrupt routine is exe- 
cuted. 


Note: 


When GEN bit is low, the NMI interrupt is active but 
cannot cause a wake up from STOP/WAIT modes. 


ITTA SGS-THOMSON 


e MICROELECTRONICS 


116 


INTERRUPT (Continued) 


Interrupt Procedure. The interrupt procedure is 
very similar to a call procedure, indeed the user can 
consider the interrupt as an asynchronous call 
procedure. As this is an asynchronous event, the 
user does not know about the context and the time 
at which it occurred. As a result the user should 
save all the data space registers which will be used 
inside the interrupt routines. There are separate 
sets of processor flags for normal, interrupt and 
non-maskable interrupt modes which are automat- 
ically switched and so these do not need to be 
saved. 


The following list summarizes the interrupt procedure: 

ST62xx actions 

— Interrupt detection 

— The flags C and Z of the main routine are ex- 
changed with the flags C and Z of the interrupt 
routine (or the NMI flags) 

— The value of the PC is stored in the first level of 
the stack 

— The normal interrupt lines are inhibited (NMI still 
active) 

— First internal latch is cleared 

— The related interrupt vector is loaded in the PC. 

User actions 


— User selected registers are saved inside the in- 
terrupt service routine (normally on a software 
stack) 


— The source of the interrupt is found by polling 
(if more than one source is associated to the 
same vector) the interrupt flag of the source. 

— Interrupt servicing 

— Return from interrupt (RETI) 

ST62xx actions 


— Automatically the ST62xx core switches back to 
the normal flags (or the interrupt flags) and pops 
the previous PC value from the stack 


The interrupt routine begins usually by the identifi- 
cation of the device that has generated the interrupt 
request (by polling). The user should save the 
registers which are used inside the interrupt routine 
(that holds relevant data) into a software stack. 
After the RETI instruction execution, the core car- 
ries out the previous actions and the main routine 
can continue. 
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Figure 15. Interrupt Processing Flow-Chart 
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INTERRUPT (Continued) 
Table 5. Interrupt Requests and Mask Bits 


: Register 


Masked Interrupt Source | Interrupt Vector 


TIMER 1 TSCR1 ETI TMZ: TIMER 1 Overflow 
A/DCONVERTER| ADCR EAI EOC: End of Conversion 
D5h OVIE OVF: AR TIMER Overflow 
CPIE CPF: Successful compare Vector 3 
EIE EF: Active edge on ARTIMin 
E2h 


1 


Port PBn ORPB-DRPB| Cih-C5h | ORPBn-DRPBn 


SPI SPIMOD | E2h | SPIE SPIF: End of Transmission 
Port PCn ORPC-DRPC| C2h-Ceéh | ORPCn-DRPCn 


AR TIMER ARMC 
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INTERRUPT (Continued) 


Figure 16. Interrupt Circuit Diagram 
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RESET 


The ST6260B/65B can be reset in three ways: by 
the external reset input (RESET ) tied low, by 
power-on reset and by the digital Watchdog periph- 
eral 


RESET Input 


The RESET pin can be connected to a device of 
the application board in order to restart the MCU 
during its operation. The activation of the RESET 
pin may occur in the RUN, WAIT or STOP mode. 
This input has to be used to reset the MCU internal 
state and provide a correct start-up procedure. The 
pin is active low and has aschmitt trigger input. The 
internal reset signal is generated by adding a delay 
to the external signal. Therefore even short pulses 
at the RESET are accepted, provided Vpp has 
finished its rising phase and the oscillator is running 
correctly (normal RUN or WAIT modes). The MCU 
is kept in the Reset state as long as the RESET pin 
is held low. 


Ifthe RESET activation occurs in the RUN or WAIT 
mode, the processing of the program is stopped (in 
RUN mode only) and the Input/Outputs are placed 
in input with pull-up resistors. When the level on the 
RESET pin becomes high, the initialization se- 
quence is executed just after the internal delay. 


lf a RESET pin activation occurs in the STOP 
mode, the oscillator starts and all the inputs/outputs 
are configured in input with pull-up resistors. When 
the level of the RESET pin becomes high, the 
initialization sequence is started just after the in- 
ternal delay. 
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Power-on Reset 


The function of the POR consists in waking up the 
MCU during the power-on sequence. At the begin- 
ning of this sequence, the MCU is configured in the 
Reset state: every Input/Output port is configured 
in input with pull-up resistor and no instruction is 
executed. When the power supply voltage be- 
comes sufficient, the oscillator starts to operate, 
nevertheless an internal delay is generated to allow 
the oscillator to be completely stabilized before the 
execution of the first instruction. The initialization 
sequence is executed just after the internal delay. 


The internal delay is generated by a mask option 
configurable on-chip counter. When the 2048 CY- 
CLES DELAY option is selected the internal reset 
is released 2048 cycles of the oscillator after the 
external reset is released. When the 32768 CY- 
CLES DELAY option is selected, the delay is 32768 
cycles of the oscillator. 


Note: 


“To have a correct start-up, the user should take 


care that the internal reset is not released before 
the VDD level is sufficient to allow MCU operation 
at the chosen frequency (see Recommended Op- 
erating Conditions). 


A proper reset signal for slow rising Vpp can be 
generally provided by an external RC network con- 
nected at pin RESET. 
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RESET (Continued) 


Watchdog Reset 


The ST6260B and ST6265B provide an on-chip 
watchdog function in order to provide a graceful 
recovery from a software upset. If the watchdog 
register is not refreshed, preventing the end-of- 
count being reached, the internal reset is activated. 
This, in particular, resets the watchdog. The MCU 
restarts as with normal reset from RESET pin in- 
cluding the internal delay. 


Figure 17. Reset Circuit 
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Application Notes 


An external resistor between Vpp and reset pin is 
not required because an internal pull-up device is 
provided. 


The POR device operates in a dynamic manner in 
the way that it brings about the initialization of the 
MCU when it detects a dynamic rising edge of the 
Vpop voltage. The typical detected threshold is 
about 2 volts, but the actual value of the detected 
threshold depends on the way in which the Vpp 
voltage rises up. The POR device DOES NOT allow 
the supervision of a static or slowly rising or falling 
edge of the Vpp voltage. 
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RESET (Continued) 


Figure 18. Reset and Interrupt Processing 
Flow-Chart 
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MCU Initialization Sequence 


When a reset occurs the stack is reset to the 
program counter, the PC is loaded with the address 
of the reset vector (located in the program ROM at 
addresses FFEh & FFFh). Ajump instruction to the 
beginning of the program has to be written into 
these locations. After a reset a NMI is automatically 
activated so that the core is in non-maskable inter- 
rupt mode to prevent false or ghost interrupts dur- 
ing the restart phase. Therefore the restart routine 
should be terminated by a RETI instruction to 
switch to normal mode and enable interrupts. If no 
pending interrupt is present at the end of the reset 
routine the ST62xx will continue with the instruction 
after the RETI; otherwise the pending interrupt will 
be serviced 


Figure 19. Restart Initialisation Program Flow- 
Chart 
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RESET (Continued) 
Table 6. Reset Value 


[Resiser———S=dCrese [Vato [Comment 


Oscillator Control Register ODCh fint = fosc; user must set bit3 to 1 


EEPROM Control Register OEAh EEPROM disabled 

Port Data Registers O0COh to OC2h 

Port Direction Register 0C4h to OC6h 1/O are Input with pull-up 
Port Option Register O0CCh to OCEh I/O are Input with pull-up 
Interrupt Option Register OC8h Interrupt disabled 
TIMER 1 Status/Control 0D4h TIMER 1 disabled 


AR TIMER Mode Control Register 
AR TIMER Status/Control 1 Register 
AR TIMER Status/Control 2 Register 
AR TIMER Compare Register 


OD5h 
OD6h 
OD7h 
ODAh 


AR TIMER stopped 


ODDh 
OEOh to OE2h 


Miscellaneous Register 
SPI Registers 


SPI output not connected to PC3 
SPI disabled 


X, Y, V, W, Register O80h to 083h 


Accumulator OFFh 

Data RAM 084h to OBFh 

Data RAM Page Register OE8h 

Data ROM Window Register 0C9h Undefined 

EEPROM OOh to O3Fh . . 

A/D Result Register ODOh As written if programmed 
AR TIMER Load Register ODBh 

AR TIMER Reload/Capture Register | OD9h 


TIMER 1 Counter Register 
TIMER 1 Prescaler Register 
Watchdog Counter Register 
A/D Control Register 


Max count loaded 


A/D in Standby 
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WAIT & STOP MODES 


The WAIT and STOP modes have been imple- 
mented in the ST62xx core in order to reduce the 
consumption of the product when the latter has no 
instruction to execute. These two modes are de- 
scribed in the following paragraphs 


WAIT Mode 


The MCU goes into the WAIT mode as soon as the 
WAIT instruction is executed. The microcontroller 
can also be considered as being in a “software 
frozen” state where the core stops processing the 
instructions of the routine, the contents of the RAM 
locations and peripheral registers are saved as 
long as the power supply voltage is higher than the 
RAM retention voltage, but where the peripherals 
are still working. 


The WAIT mode can be used when the user wants 
to reduce the consumption of the MCU when it is 
idle, while not losing count of time or monitoring of 
external events. The oscillator is not stopped in 
order to provide a clock signal to the peripherals. 
The TIMER 1 and counting may be enabled as well 
as both Timer interrupts before entering the WAIT 
mode; this allows the WAIT mode to be left when 
timer interrupt occurs. The above explanation re- 
lated to the timers applies also to the A/D converter 
and the SPI. 


If the exit from the WAIT mode is performed with a 
general RESET (either from the activation of the 
external pin or by watchdog reset) the MCU enters 
a normal reset procedure as described in the RE- 
SET chapter. If an interrupt is generated during 
WAIT mode the MCU behavior depends on the 
state of the ST62xx core before the initialization of 
the WAIT sequence, but also of the kind of the 
interrupt request that is generated. This case is 
described in the following paragraphs. In any case, 
the ST62xx core does not generate any delay after 
the occurrence of the interrupt because the oscillator 
clock is still available. 
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STOP Mode 


If the Watchdog is disabled the STOP fiodé is 
available. When in STOP mode the MCU is placed 
in the lowest power consumption mode. In this 
operating mode the microcontroller can be consid- 
ered as being “frozen”, no instruction is executed, 
the oscillator is stopped, the contents of the RAM 
locations and peripheral registers are saved as 
long as the power supply voltage is higher than the 
RAM retention voltage, and the ST62xx core waits 
for the occurrence of an interrupt request or Reset 
activation to output from the STOP state. The inter- 
rupt request can be issued by a pin. or by an 
externally clocked timer. 


If the exit from the STOP mode is performed with 
a general RESET (by the activation of the external 
pin) the MCU will enter a normal reset procedure 
as described in the RESET chapter. The case of an 
interrupt depends on the state of the ST62xx core 
before the initialization of the STOP sequence and — 
also of the kind of the interrupt request that is 
generated. 


This case will be described in the following para- 
graphs. In any case, the ST62xx core generates a 
delay after the occurrence of the interrupt request in 
order to wait the complete stabilization of the oscilla- 
tor before the execution of the first instruction. 


Exit from WAIT and STOP Modes 


The following paragraphs describe the output pro- 
cedure of the ST62xx core from WAIT and STOP 
modes when an interrupt occurs (not a RESET). It 
must be noted that the restart sequence depends 
on the original state of the MCU (normal, interrupt 
or non-maskable interrupt mode) before the start 
of the WAIT or STOP sequence, but also of the type 
of the interrupt request that is generated. 


Normal Mode. If the ST62xx core was in the main 
routine when the WAIT or STOP instruction has 
been executed, the ST62xx core outputs from the 
stop or wait mode as soon as any interrupt occurs; 
the related interrupt routine is executed and at the 
end of the interrupt service routine the instruction 
that follows the STOP or the WAIT instruction is 
executed if no other interrupts are pending. 


Not Maskable Interrupt Mode. If the STOP or 
WAIT instruction has been executed during the 
execution of the non-maskable interrupt routine, 
the ST62xx core outputs from the stop or wait mode 
as soon as any interrupt occurs: the instruction that 
follows the STOP or the WAIT instruction is exe- 
cuted and the ST62xx core is still in the non-mask- 
able interrupt mode even if another interrupt has 
been generated. 
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WAIT & STOP MODES (Continued) 


Normal Interrupt Mode. If the ST62xx core was in 
the interrupt mode before the initialization of the 
STOP or WAIT sequence, it outputs from the stop 
or wait mode as soon as any interrupt occurs. 
Nevertheless, two cases have to be considered: 


— If the interrupt is a normal interrupt, the interrupt 
routine in which the wait or stop was entered will 
be completed with the execution of the instruction 
that follows the STOP or the WAIT and the ST6xx 
core is still in the interrupt mode. At the end of 
this routine pending interrupts will be serviced in 
accordance to their priority. 


— If the interrupt is a non-maskable interrupt, the 
non-maskable routine is processed at first. Then 
the routine in which the wait or stop was entered 
will be completed with the execution of the in- 
struction that follows the STOP or the WAIT and 
the ST6xx core remains in the normal interrupt 
mode. 


Notes: 


To reach the lowest power consumption during 
RUN or WAIT modes, the user software must take 
care of: 


— selecting 4 as ratio of the Oscillator divider. 


— configuring unused I/O as input without pull-up 
with well defined logic levels. 


— placing the A/D converter in its power down mode 
by clearing the PDS bit in the A/D control register 
before entering the STOP instruction. 


— putting the EEPROM on-chip memory in stand- 
by mode by setting the E2OFF bit in EEPROM 
Control Register to one. 


— setting bit D3 of the Oscillator Control Register to 
one. 


— stopping all external clocks (TIMER 1,AR TIMER 
and SPI). 


When the watchdog is active (independent of its 
mode), the STOP instruction is deactivated and any 
attempt to execute the STOP instruction will cause 
an execution of a WAIT instruction. 


lf all the interrupt sources are disabled (including 
NMI if GEN is low), the restart of the MCU can only 
be done by a Reset activation. The WAIT and 
STOP instructions are not executed if an enabled 
interrupt request is pending. 
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ON-CHIP CLOCK OSCILLATOR 


The ST6260B/65B on-chip oscillator has been de- 
signed to require a minimum of external compo- 
nents and to reduce the oscillator power 
consumption. 


A quartz crystal, a ceramic resonator, an RC net- 
work or an external signal may be used to generate 
a system clock with various stability/cost tradeoffs. 
The clock generator options connection methods 
are shown in Figure 22. 


The oscillator is configured by mask option. When 
the CRYSTAL/RESONATOR option is selected, it 
must be used with a quartz crystal, a ceramic 
resonator or an external signal. To use the oscillator 
with an RC network, the RC NETWORK option 
must be selected. 


A programmable divider is provided in order to 
adjust the internal clock of the micro (core and 
peripherals) to the best power consumption/per- 
formance trade-off. The Division Ratio is selected 
through the Oscillator Control Register located at 
address ODCh. 


The internal frequency is directly used to clock the 
AR TIMER. It is further divided by 12 to produce the 
TIMER 1, the A/D converter and the Watchdog 
clock and by 13 for the core and SPI clock. 


Figure 20. Crystal Parameters 
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ON-CHIP CLOCK OSCILLATOR (Continued) 


With a 8MHz external frequency, the fastest ma- 
chine cycle is therefore 1.625,s. 


The machine cycle is the smallest unit needed to 
execute any operation (i.e.increment the program 
counter). An instruction may need two, four, or five 
machine cycles to be executed. 


Oscillator Control Register 


Figure 22. Oscillator Control Registers 
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Oscillator Control Register 
( DCh, Write only 


Palle 


Division Ratio Selection RSO 
Division Ratio Selection RS1 
Reserved, must be set low 
Reserved, must be set high 
Unused 


D7-D4. These bits are not used. 


D3. Reserved - Cleared at Reset. THIS BIT MUST 
BE SET TO 1 BY USER PROGRAM to achieve 
lowest power consumption. 


D2. Reserved. Must be kept low. 


RS1-RSO. These bits select the division ratio of the 
Oscillator Divider in order to generate the internal 
frequency. The following selections are available: 


4 

2 
4 
4 


Note : Care is required when handling the OSCR 
register as some bits are write only. For this reason, 
itis not allowed to change the OSCR contents while 
executing interrupt service routine, as the service 
routine cannot save and then restore its previous 
content. If itis impossible to avoid the writing of this 
register in interrupt service routine, an image of this 
register must be saved ina RAM location, and each 
time the program writes to OSCR it must write also 
to the image register. The image register must be 
written first, so if an interrupt occurs between the 
two instructions the OSCR is not affected. 


\ 


Figure 23. Oscillator Connection 
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INPUT/OUTPUT PORTS 


The ST6260B and ST6265B microcontroller have 
respectively 13 and 21 Input/Output lines that can 
be individually programmed either in the input 
mode or the output mode with the following soft- 
ware selectable options: 


— Input without pull-up and without interrupt 

— Input with pull-up and with interrupt 

— Input with pull-up without interrupt 

— Analog inputs (PAO-PA7, PCO-PC4) 

— Timer 1 I/O line (PC1, not available on ST6260B) 
— AR Timer I/O lines (PB6, PB7) 

— SPI control signals (PC2-PC4) 

— Push-pull output 

— Standard Open drain output 

— 20mA Open drain output PB lines. 


The lines are organized in three Ports (Port A, B 
and C). 


Each port occupies 3 registers in the data space. 
Each bit of these registers is associated with a 
particular line (for instance, the bits 0 of the Port A 
Data, Direction and Option registers are associated 
with the PAO line of Port A). 


Figure 24. I/O Port Block Diagram 


RESET 


V 
DATA 
> DIRECTION 
REG! 


SIN CONTROLS 


TO INTERRUPT 


TO ADC 


IST SGS-THOMSON 


31T6260B/65B 


The three DATA registers (DRA, DRB, DRC), are 
used to read the voltage level values of the lines 
programmed in the input mode, or to write the logic 
value of the signal to be output on the lines config- 
ured in the output mode. The port data registers 
can be read to get the effective logic levels of the 
pins, but they can be also written by the user 
software, in conjunction with the related option 
registers, to select the different input mode options. 


Single-bit operations on I/O registers are possible 
but care is necessary because reading in input 
mode is done from I/O pins while writing will directly 
affect the Port data register causing an undesired 
change of the input configuration. 


The three Data Direction registers (DDRA, DDRB 
and DDRC) allow the selection of the data direction 
of each pin (input or output). 


The three Option registers (ORA, ORB and ORC) 
are used to select the different port options avail- 
able both in input and in output mode. 


All the I/O registers can be read or written as any 
other RAM location of the data space, so no extra 
RAM cell is needed for port data storing and ma- 
nipulation. During the initialization of the MCU, all 
the I/O registers are cleared and the input mode 
with pull-up/no-interrupt is selected on all the pins, 
thus avoiding pin conflicts. 


-7) INPUT/OUTPUT 
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INPUT/OUTPUT PORTS (Continued) * 


I/O Pin Programming 


Each pin can be individually programmed as input 
or output with different input and output configura- 
tions. 


This is achieved by writing the relevant bit in the 
data (DR), data direction register (DDR) and option 
registers (OR). Table 7 shows all the port configu- 
rations that can be selected by user software. 


Input Option Description 


Interrupt Option. All the input lines can be individu- 
ally connected by software to the interrupt lines of 
the ST62xx core according to the codes pro- 
grammed in the OR and DR registers. The pins of 
Port A and B are “ORed” and are connected to the 
interrupt associated to the vector #1. Pins of ports 
C are “ORed” with the SPI interrupt line and con- 
nected to interrupt vector #2. The interrupt modes 
(falling edge sensitive, rising edge sensitive) can 
be selected by software for each port by program- 
ming the IOR register. 


Analog Input Option. The PAO-PA7 and PCO-PC4 
pins can be configured to be analog inputs accord- 
ing to the codes programmed in the OR and DR 
registers. These analog inputs are connected to the 
on-chip 8-bit Analog to Digital Converter. ONLY 
ONE pin should be programmed as analog input at 
a time, otherwise the selected inputs will be 
shorted. 


Table 7. I/O Port Options Selection 


Notes: X. Means don't care. 
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With pull-up, no interrupt (Reset state) 
N 


oO pull-up, no interrupt 


| DpR | OR | DR | Mode | 
ee a ee 
| 9 | Of] 4 |_Input_| 
| oO | tt | O {_ Input | With pull-up, withinterupt 
po fot fo LR No pull-up, no interrupt (Port B pins) 
| Input | Analog input (Ports A and C pins) 
Pt ft 90 |X | Output | 
pt | tT X | Output | 


Open-drain output (20mA sink current for Port B pins) 


Push-pull output (20mA sink current for Port B pins) 


Figure 25. I/O Port Data Registers 


ORA/BIC 


Port A, B,C Data Register 
( CCh PA, CDh PB, CEh PC, Read/ Write ) 


PA7 - PAO Option Bits 
PB7 - PBO Option Bits 
PC7 - PCO Option Bits 


Figure 26. I/O Port Data Direction Registers 


DDRA/B/C 


Port A, B,C Data Direction Registers 
(C4h PA, C5h PB, C6h PC Read/ Write ) 


| | soso 


PA7 - PAO=Data Direction Bits 
PB7 - PB0=Data Direction Bits 
PC7 - PC0=Data Direction Bits 


Figure 27. I/O Port Option Registers 


DRA/B/C 


Port A,B ,C Optoin Registers 
(COh PA, Cth PB, C2h PC, Read/Write) 


[ro [os|>4[0a/ve|o4/on 


PA7-PAO = Data Bits 
PB7-PBO = Data Bits 
PC7-PCO = Data Bits 


Note: For complete coding explanation refer to Table 7 
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INPUT/OUTPUT PORTS (Continued) 


Timer 1 Alternate function Option. 


When bit TOUT of register TSCR1 is low, pin 
PC1/Timer 1 is configured through the port regis- 
ters as any standard pin of Port B. It is in addition 
connected to the Timer 1 input for Gated and Event 
counter modes. When bit TOUT of register TSCR1 
is high, pin PC1/Timer 1 is forced as Timer 1 output, 
independently of the port registers configuration. 


AR Timer Alternate function Option 


When bit PWMOE of register ARMC is low, pin 
ARTIMout/PB7 is configured as any standard pin 
of port B through the port registers. When PWMOE 
is high, ARTIMout/PB7 is the PWM output, inde- 
pendently of the port registers configuration. 


ARTIMin/PB6 is connected to the AR Timer input. It 
is configured through the port registers as any stand- 
ard pin of port B. To use ARTIMin/PB6 as AR Timer 
input, it must be configured as input through DDRB. 


SPI Alternate function Option 


PC2/PC4 are used as standard I/O as long as bit 
SPCLK of the SPI Mode Register is kept low. 


When PC2/Sin is configured as input, it is automat- 
ically connected to the SPI shift register input, 
independent of the state at SPCLK. 


PC3/SOUT is configured as SPI push-pull output by 
setting bit 0 of the Miscellaneous Register (address 
DDh), regardless of the state of Port C registers. 


PC4/SCK is configured as push-pull output clock 
(master mode) by programming it as push-pull 
output through DDRC register and by setting bit 
SPCLK of the SPI Mode Register. 


PC4/SCK is configured as input clock (slave mode) 
by programming it as input through DDRC register 
and by clearing bit SPCLK of the SPI Mode Regis- 
ter. With this configuration, PC4 can simultane- 
ously be used as an input. 
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Note. Switching the !/O ports from one state to another 
should be done in a way that no unwanted side effects 
can happen. The recommended safe transitions are 
shown below. All other transitions are risky and should 
be avoided during change of operation mode as it is 
most likely that there will be an unwanted side-effect 
such as interrupt generation or two pins shorted to- 
gether by the analog input lines. 


Single bit instructions (SET, RES, JRR and JRS) 
should be used very carefully with Port Aand B data 
registers because these instructions make an im- 
plicit read and write back of the whole addressed 
register byte. In port input mode however data 
register address reads from input pins, not from 
data register latches and data register information 
in input mode is used to set characteristics of the 
input pin (interrupt, pull-up, analog input), therefore 
these characteristics may be unintentionally repro- 
grammed depending on the state of input pins. As 
general rule is better to use single bit instructions 
on data register only when the whole port is in 


‘output mode. If input or mixed configuration is 


needed it is recommended to keep a copy of the 
data register in RAM. On this copy it is possible to 
use single bit instructions, then the copy register 
could be written into the port data register. 


SET bit, datacopy 
LD a, datacopy 
LD DRA, a 


The WAIT and STOP instructions allow the ST62xx 
to be used in situations where low power consump- 
tion is needed. The lowest power consumption is 
achieved by configuring I/Os in input mode with 
well-defined logic levels. 


The user has to take care not to switch outputs with 
heavy loads during the conversion of one of the 
analog inputs in order to avoid any disturbance in 
the measurement. 


Figure 28. State Transition Diagram for Safe Transitions 


' Interrupt 


| 


000 001 


Output 
Open Drain 


oe ae = | 


Output 
Push-pull mg 


Note *. xxx = DDR, OR, DR Bits respectively 


Ayp, Sitsonscmones 


Output 
Push-pull 
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INPUT/OUTPUT PORTS (Continued) 
Table 8. I/O Port Options Selection 


Available At™ 


PAO-PA7 
PBO-PB7 
PCO-PC4 
Sin, SCK 
ARTIMin, TIM1 Data in 
o— > Interrupt 


PAO-PA7 

PBO-PB7 

Input PCO-PC4 

with pull up Sin, SCK 
ARTIMin, TIM1 


Oo o—> Interrupt 


PAO-PA7 
PBO-PB7 


Input 
with pull up Bin 8. cK?) Data in 


with interrupt ARTIMin®), TiM1 2) 
Interrupt 


PAO-PA7 
Analog Input PCO-PC4 


Open drain output PAO-PA7 
5mA PC0-PC4 


Open drain output PBO-PB7 [<< ++ ~ Data out 


20mA 


Push-pull output PAO-PA7 
5mA PCO0-PC4 
TIM1, Sout, SCK 


Data out 


Push-pull output PBO-PB7 
20mA ARTI|Mout 


VR01992A 


Notes: 


1. Provided proper configuration. 
2. This configuration is available but should be used with care. 
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Figure 29. Peripheral Interface Configuration of SPI, Timer 1 and AR Timer 
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b0 
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PC2/Sin 


CLOCK IN 
CLOCK OUT 
PC4/SCK 0 


SPCLK 
MOD REGISTER 


TIMER 1 
| OUT 
PC1/TIM1 0 


ARTIMin 
ARTIMin 
AR TIMER 


PWMOE 


{ ARTIMout 
ARTIMout 
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TIMERS 


The ST6260B/65B offer two on-chip Timer periph- 
erals named Timer 1 and Auto-reload Timer. Timer 
1 consists of an 8-bit counter with a 7-bit program- 
mable prescaler, thus giving a maximum count of 
215° and control logic that allows configuring the 
peripheral in three operating modes. The Auto-reload 


’ Timer is an 8-bit Timer with Auto-reload, Input 


Capture and Output Compare capabilities. 4 
modes are available for PWM, PLL, time measure- 
ment and period measurement. 


Timer 1 


Figure 30 shows the Timer 1 block diagram. An 
external Timer pin is available for the user 
(ST6265B only). The content of the 8-bit counter 
can be read/written in the Timer/Counter register 
TCR which is addressed in the data space as a 
RAM location at addresses D3h. The state of the 
7-bit prescaler is read in the PSC register at ad- 
dresses D2h. The control logic device is managed 
in the TSCR1 register (addresses D4h) as de- 
scribed in the following paragraphs. 


The 8-bit counter is decremented by the output 
(rising edge) coming from the 7-bit prescaler and 
can be loaded and read under program control. 
When it decrements to zero then the TMZ (Timer 
Zero) bit in the TSCR1 is set to one. If the ETI 
(Enable Timer Interrupt) bit in the TSCR71 is also 
set to one an interrupt request, associated to 
interrupt vector #4, is generated. The interrupt 
service routine then should poll bit TMZ in TSCR1 
to determine if the interrupt has been generated by 
Timer 1 or by the A/D Converter. The Timer 1 
interrupt can be used to exit the MCU from the 
WAIT mode. 


The Timer 1 Prescaler input can be the internal 
clock (after Oscillator Divider) divided by 12 or an 
external clock at the Timer I/O pin. The prescaler 
decrements on the rising edge. Depending on the 
division factor programmed by PS2, PS1 and PSO 
bits in TSCR1, the clock input of the timer/counter 
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register is multiplexed to different sources. On di- 
vision factor 1, the clock input of the prescaler is 
also that of timer/counter; on factor 2, bit O of 
prescaler register is connected to the clock input of 
TCR1. This bit changes its state with the half 
frequency of prescaler clock input. On factor 4, bit 
1 of PSC1 is connected to clock input of TCR1, and 
so on. The prescaler initialize bit PSI in the TSCR1 
register must be set to one to allow the prescaler (and 
hence the counter) to start. If itis cleared to zero then 
all of the prescaler bits are set to one and the counter. 
is inhibited from counting. The prescaler can be given 
any value between 0 and 7Fh by writing to addresses 
D2h, if bit PSI in the TSCR1 register is set to one. 
The tap of the prescaler is selected using the 
PS2,PS1,PS0 bits in the control register. Figure 31 
shows the Timer 1 working principle. 


Timer 1 can be configured in 3 modes using the 
TOUT and DOUT bits of the TSCRi1 register. These 
modes are Event counter, Gated or Output signal. 


The internal Timer I/O can in addition be connected 
to either the PC1/TIM1 pin or bit DRC1 of the Port 
C Data Register depending on the configuration of 
bit DDRC1 of the Port C Data Direction Register. 
Table 9 summarize the modes of Timer 1. 


— Event counter: The Prescaler is decremented at 
each rising edge of the Timer I/O. The Timer I/O 
is either the PC1/TIM1 pin or the DRC1 bit of the 
DRC register depending on DDRC1. 


— Gated: The Timer 1 is decremented by the Timer 
clock (fint divided by 12) when the internal Timer 
I/O is held high. The Timer I/O is either pin 
PC1/TIM1 or the DDRC1 bit of register DDRC. 


— Output signal: The PC1/TIM1 pin is connected to 
the DOUT latch and is configured as output 
regardless of DOUT and DDRC1 bits. The low 
to high transition of bit TMZ (when counter 
reaches 00h) is used to latch the data previously 
stored in DOUT and pass it to the PC1/TIM1 
through the Timer I/O. This operating mode al- 
lows signal generation. 
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TIMERS (Continued) 
Figure 30. Timer 1 Peripheral Block Diagram 
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TIMERS (Continued) 


Timer 1 Interrupt 


If the software controlled ETI (Enable Timer Inter- 
rupt) bit is set, when the counter decrements to 
zero, the TMZ bit in the TSCR register is set to one 
and an interrupt request associated to interrupt 
vector #4 is generated. 


Since only one interrupt vector is available for both 
Timer 1 and the A/D Converter, the interrupt service 
routine should determine from which source the 
interrupt came by polling the TMZ bit and the EOC 
bit of the A/D Converter Control Register. 


Notes: 


TMZ is set when the counter reaches 00h; however, 
it may be set by writing 00h in the TCR1 register or 
setting bit 7 of the TSCR1 register. TMZ bit must be 
cleared by user software when servicing the Timer 1 
interrupt to avoid undesired interrupts when leaving 


Figure 31. Timer 1 Working Principle 
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the interrupt service routine. After reset, the 8-bit 
counter register is loaded to FFh while the 7-bit 
prescaler is loaded to 7Fh , and the TSCR1 register 
is cleared which means that Timer 1 is stopped and 
the Timer 1 interrupt is disabled. 


lf the Timer 1. is programmed in output mode, 
DOUT bit is transferred to the TIM1 pin when TMZ 
is set to one (by software or due to counter decre- 
ment). When TMZ is high, the latch is transparent 
and DOUT is copied to the timer pin. When TMZ 
goes low, DOUT is latched. 


A write to the TCR1 register will predominate over 
the 8-bit counter decrement to 00h function, i.e. if 
awrite anda TCRi register decrement to 00h occur 
simultaneously, the write will take precedence, and 
the TMZ bit is not set until the 8-bit counter reaches 
00h again. The values of the TCR1 and the PSC1 
registers can be read accurately at any time. 


VA00186 
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TIMERS (Continued) 


Figure 32. Timer Status Control Register 


TSCR1 


Timer Status Control Register 
(D4h Ti, Read/ Write} 


Pbpb 


PSO = Prescaler Mux. Select 
PS1 = Prescaler Mux. Select 
PS2 = Prescaler Mux. Select 
PSI = Prescaler Initialize Bit 
DOUT = Data Output 

TOUT = Timers Output Control 
ETI = Enable Timer Interrupt 
TMZ = Timer Zero Bit 


TMZ. Low-to-high transition indicates that the timer 
count register has decremented to zero. This bit 
must be cleared by user software before starting 
with a new count. 


ETI. This bit, when set, enables the timer interrupt 
request (vector #4). If ETI=“0” the timer interrupt is 
disabled. If ETl="1” and TMZ="1” an interrupt re- 
quest is generated. ? 


TOUT. When low, this bit selects an input mode for 
the Timer I/O pin. When high the output mode is 
selected. 


DOUT. If Timer 1 is in Output mode, DOUT is the 
data sent to the PC1/TIM1 pin when TMZ goes 
high. DOUT enables discrimination between Event 
Counter and Gated modes if TOUT is low. 

PSI. Used to initialize the prescaler and inhibit its 
counting. When PSI="0” the prescaler is set to 7Fh 
and the counter is inhibited. When PSI="1” the pres- 
caler is enabled to count downwards. As long as 
PSI=“0” both counter and prescaler are not running. 


PS2, PS1, PSO. These bits select the division ratio 
of the prescaler register. 


Table 9. Prescaler Division Factors 


|PS2|PS1|PSO| Divided by |PS2|PS1|PSO| Divided by 
0/0] 0 Tlol[o| 16 
0 2 1}o]1] 22 
1 4 isi 2b] 40 
1 8 ached 


ISA SGS-THOMSON 


Figure 33. Timer Counter Register 


TCR1 


Timer Counter Register 
D3h T1, Read/ Write 


rs os [oe oon 


LL 7.00 = counter Bits 


Figure 34. Prescaler Register 


PSC1 


Timer Prescaler Register 
D2h Ti Read/ Write 


an Ceres D6-DO = Prescaler Bits 


Always read as “0” 
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Auto-reload Timer 


The Auto-reload Timer (AR Timer) on-chip periph- 

eral consists of an 8-bit timer/counter (AR 

COUNTER) with compare and capture/reload ca- 

pabilities and a 7-bit prescaler with a clock multi- 

plexer enabling the clock input to be selected as 

fint, fint/3 or external clock. One Mode Control 

Register (AR MODE), two Status Control Registers 

(ARSCO, ARSC1), an output pin (ARTIMout/PB7) 

and an input pin (ARTIMin/PB6) allow the Auto-reload 

Timer to be used in 4 modes: 

— Auto-reload (PWM generation), 

— Output compare and reload on external event 
(PLL), 

— Input capture and output compare for time meas- 
urement. 

— Input capture and output compare for period 
measurement. 


The AR Timer can be used to wake the MCU from 
WAIT mode with either an internal or an external 
clock. It also can: be used to wake the MCU from 
STOP mode if used with an external clock provided 
at pin ARTIMin. A Load register allows the program 
to read and write the counter on the fly. © 


AR Timer Description 


The AR COUNTER is an 8-bit up-counter incre- 
mented on the clock input rising edge. It is loaded 


from the ReLoad/Capture Register REL/CAP (ad- 


dress D9h) for auto-reload or capture operations 
as well as for initialization. Direct access to the AR 
COUNTER is not possible, however by read- 
ing/writing the Load Register AR LOAD (address 
DBh) it is possible to read/write the TC counter 
content. 


The AR Timer input clock is either the internal clock 
(from Oscillator Divider), the internal clock divided 
by 3 or the ARTIMin pin. Selection between these 
clock sources is made through the AR Multiplexer 
by bits CC0-CC1 of Register ARSC1. The output 
of the AR Multiplexer feeds the AR Prescaler, 
ARPSC. ARPSC is a software programmable 7-bit 
prescaler. Programming of ARPSC is performed by 
the AR Prescaler Multiplexer AR MUX which se- 
lects one of the 8 available taps of the prescaler 
outputs under the control of PSCO-PSC2 in the 
AR Mode Control Register (address D5h). So the 
division factor of PSC prescaler can be set to 2” 
(where n = 0, 1,..7). 
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The clock input to the ARTC counter is enabled by 
bit TEN (Timer Enable) in the AR Mode Control 
Register. When TEN is cleared to “0” the TC 
counter is stopped and the prescaler and counter 
contents are frozen. When the TEN bit is set to “1” 
the TC counter runs atthe rate of the selected clock 
source. TC is cleared after system reset. 


The ARTC counter can also be initialized by writing 
into the load register ARLR, which causes also the 
immediate copy of the value into the ARTC counter 
regardless of whether ARTC is running or not. 
Initialization of ARTC, in both ways, will also clear 
the ARPSC in order to start counting from a known 
State. 


Each interrupt generated by the AR Timer operat- 
ing modes is associated to interrupt vector #3. 


Timer Operating Modes 


Four different operating modes are available for the 
AR Timer: 


Auto-reload Mode with PWM Generation. This 
mode allows a Pulse Width Modulated signal to be 
generated on the ARTIMout output pin with mini- 
mum Core processing time used. 


ARTC is a free running 8-bit counter fed by the 
ARPSC prescaler output and is incremented on 
every rising edge of the clock signal. 


When a counter overflow occurs the ARTC counter 
is automatically reloaded with the contents of the 
Reload/Capture Register (REL/CAP, address D9h) 
while ARTIMout is set. When the counter reaches 
the value contained in the compare register ARCP, 
ARTIMout is reset. 


At overflow, the OVF flag of register ARSCO is set 
and an overflow interrupt request is generated if the 
overflow interrupt enable bit, OVIE in the Mode 
Control Register (ARMC, address D5h), is set to 
“1”. OVF must be reset to zero by the user software. 


When the counter reaches the compare value the 
CPF flag of register ARSCO is set and a compare 
interrupt request is generated if the Compare Inter- 
rupt enable bit, CPIE, in the Mode Control Register 
(ARMC, address D5dh), is set to one. The interrupt 
service routine may then adjust the PWM period by 
loading a new value into ARCP. CPF must be reset 
to zero by software. 


The PWM signal is generated at ARTIMout (refer 
to block diagram) connected to the ART|IMout out- 
put pin. The frequency of this signal is controlled by 
the prescaler and by the auto-reload value present 
in the Reload/Capture register ARRC (address 
D9h). The duty cycle of the PWM signal is control- 
DAn)? the Compare Register (ARCP, address 
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TIMERS (Continued) 
Figure 35. AR Timer Block Diagram 
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Note that the reload values will also affect the value 
and the resolution of the duty cycle of PWM output 
signal. To achieve a ARTIMout signal the contents 
of the ARCP register must be greater than the 
contents of the ARRC register. 


The maximum available resolution for the ARTIMout 
duty cycle is: 

Resolution = 1/[255-(ARRC)] 
Where ARRC is the content of Reload/Capture 
register and the compare value loaded in the Com- 
pare Register, ARCP, must be in the range from 
(ARRC) to 255. 


Figure 36. Auto-reload Timer PWM Function 
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36/86 


The initialization of the ARTC counter is made by 
writing into the ARRC register, then by setting the 
TCLD (Timer Load) and the TEN (Timer Clock 
Enable) bits in the Mode Control register ARMC. 


The enable and the selection of clock sources are 
controlled by CCO, CC1, SLO and SL1 bits in the 
Status Control Register ARSC1. The prescaler di- 
vision ratio is selected by PSO, PS1 and PS2 bits 
in the ARSC1 Register. 


In Auto-reload Mode any clock source can be se- 
lected: Internal Clock, Internal Clock divided by 3 
or the signal at the ARTIMin input pin. 


t 
VR001852 
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Capture Mode with PWM Generation. In this 
case, ARTC is a free running 8-bit counter fed by 
the PSC prescaler output. ARTC is incremented on 
every clock rising edge. 


An 8-bit capture operation from ARTC counter to 
ARRC register is performed on every active edge 
at ARTIMin/PC Input pin when enabled by Edge 
Control bits SLO, SL1 in the ARSC1 register. At the 
same time the External Flag EF, in the ARSCO 
register, is set and an external interrupt request is 
generated if the External Interrupt Enable bit EIE, 
in the ARMC register, is set to one. The EF flag 
must be reset by software. 


Each ARTC overflow sets ART|Mout, while a match 
between ARTC and ARCP (Compare Register) 
contents resets ARTIMout and sets the compare 
flag CPF and the compare interrupt request is 
generated if the related compare interrupt enable 
bit CPIE is set. A PWM signal is generated at 
ARTIMout. The CPF flag must be reset by software. 


The frequency of this signal is controlled by the 
prescaler. The duty cycle is controlled by register 
ARCP from 0-255/256. 


Initialization and reading of ARTC counter are 
made in the same way as in the auto-reload mode 
(see previous paragraph). 

The enable and selection of clock sources is con- 
trolled by CCO, CCi bits in the AR Status Control 
Register ARSC1. 


The prescaler division ratio is selected by PSO, PS1 
and PS2 bits in the ARSC1 Register. 


In Capture mode the possible clock sources are the 
internal clock and the internal clock divided by 3; 
the external ARTIMin input pin should not be used. 


Capture Mode with Reset of ARTC, ARPSC and 
PWM Generation. This mode is identical to the 
previous one, with the difference that a capture 
condition also resets the ARTC counter and 
ARPSC prescaler allowing easy measurement of 
the time between two captures (for input period 
measurement on ARTIMin pin). 
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Load on External Input. ARTC is a free running 
8-bit counter fed by the ARPSC prescaler. TC is 
incremented on every clock rising edge. 


Each ARTC overflow sets the ARTIMout. A match 
between ARTC and ARCP (Compare Register) 
contents resets the ARTIMout and sets the com- 
pare flag CPF and the compare interrupt request is 
generated if the related compare interrupt enable 
bit CPIE is set. A PWM signal is generated at 
ARTI|Mout. The CPF flag must be reset by software 


The initialization of ARTC can be done in the same 
way as described in the previous paragraph. In 
addition if the external ARTIMin input is enabled, 
an active edge on the input pin will copy the con- 
tents of the ARRC register into the ARTC counter, 
whether ARTC is running or not. 


Notes: 


The allowed AR Timer clock sources are the follow- 
ing: 


AR Timer mode Clock Sources 


Auto-reload mode fint, fint/3, ARTIMin 


The timer clock frequency should not be modified 
while ARTC is counting as the ARTC counter may 
take an unpredictable value. For example the mul- 
tiplexer setting should not be modified while ARTC 
is counting. 


Any loading of ARTC (by auto-reload, through 
ARLR, ARRC or by the Core) resets ARPSC at the 
same time. 


Care should be taken when both the Capture inter- 
rupt and the Overflow interrupt are used. The cap- 
ture and the overflow are asynchronous. If the 
capture occurs when the Overflow Interrupt Flag 
(OVF) is high (between counter overflow and the 
flag being reset by software in the interrupt routine), 
the External Interrupt Flag (EF) could be cleared 
simultaneusly without the interrupt being taken into 
account. 


The solution consists in resetting the OVF flag by 
writing 03h in the ARSCO register. The value of EF 
is not affected by this operation. If an interrupt has 
occured, it will be processed when the micros exits 
from the interrupt routine (the second interrupt is 
latched). 
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AR Timer Registers 


Mode Control Register ARMC. The AR Mode 
Control Register ARMC is used to program the 
different operation modes of AR Timer, to enable 
the clock of the Timer/Counter and to initialize it. It 
can be read and written by the Core and itis cleared 
to zero on system reset (AR Timer is disabled). 


Figure 37. AR Mode Control Register 


AR MC 


AR Mode Control Register 
(D5h, Read/ Write 


FPP opel. 


ARMCO = Mode Control Bit 0 
ARMC1 = Mode Control Bit 1 
OVIE = Overflow Interrupt 
Enable 

CPIE = Compare Interrupt Enable 
EIE = Extemal intenupt Enable 
PWMOE = PWM Output Enable 
TEN = Timer Clock enable 

TCLD = Timer Load Bit 


TCLD. This bit, when set to one, will cause the 
contents of ARRC register to be loaded into the 
ARTC counter and the contents of ARPSC register 
are cleared in order to initialize the timer ‘before 
starting to count. This bit is write only and any 
attempt to read it will show a logical_zero. 


TEN. This bit, when set to one, will allow the timer 
to count. When cleared to zero it will stop the timer 
and freeze the ARPSC and ARTSC values. 


PWMOE. This bit, when set, enables the PWM 
output to be carried on ARTIMout output pin. When 
cleared to zero the PWM output is disabled. 


EIE. This bit, when set, enables the external inter- 
rupt request. If EIE = “O” the external interrupt 
request is masked. If EIE = “1” and the related flag 
EF in the ARSCO register is also set an interrupt 
request is generated. 


CPIE. This bit, when set, enables the compare 
interrupt request. If CPIE = “O” the compare inter- 
rupt request is masked. If CPIE =“1” and the related 
flag CPF into the ARSCO register is also set an 
interrupt request is generated. 

OVIE. This bit, when set, enables the overflow 
interrupt request. If OVIE = “O” the compare inter- 
rupt request is masked. If OVIE = “1” and the 
related flag OVF into the ARSCO register is also set, 
an interrupt request is generated. 
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ARMC1, ARMCO. These are the operation mode 
control bits. The following bit combination will select 
the different operating modes: 


ARMC1 ARMCO Operating Mode 
i of Auto-reload Mode 


Capture Mode 
{ Capture Mode with Reset 
of ARTC and ARPSC 
{ { Load on External Edge 
Mode 


AR. Timer Status/Control Registers ARSCO & 
ARSC1. These registers provide the AR Timer 
status information bits and also allows the pro- 
gramming of clock sources, active edge and pres- 
caler multiplexer programming. 


ARSCO register bits 0,1 and 2 contains the interrupt 
flags of the AR Timer. These bits are read normally. 
Each one can be reset by writing a zero. Writing a 
one does not affect the bit value. 


Figure 38. AR Status Control Register 0 


ARSCO 


AR Status Control Register 0 
(D6h, Read/Clear) 


SRECCGE 


OVF Overflow Interrupt Flag 
CPF Compare Interrupt Flag 
EF External Interrupt Flag 
Unused 


EF. This bit is set to one by any active edge at the 
external ARTIMin input pin. The flag is cleared by 
writing a zero in the EF bit. 

CPF. This bit is set to one if the contents of ARTC 
counter and ARCP register are equal. The flag is 
cleared by writing a zero into CPF bit. 

OVF. This bit is set to one by a transition of TC 
counter from FFh to 00h. The flag is cleared by 
writing a zero into OVF bit. 
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TIMERS (Continued) 
Figure 39. AR Status Control Register 1 


ARSC1 


AR Status Control Register 1 
(D7h, Read/ Write) 


Papal 


CCO = Clock Source Select Bit 0 
CC1 = Clock Source Select Bit 1 


SLO Timer Input Edge Control Bit 0 
SL1 Timer Input Edge Control Bit 1 
Reserved 

PSO Prescaler Division Select Bit 0 
PS1 Prescaler Division Select Bit 1 
PS2 Prescaler Division Select Bit 2 


PS2-PS0. These bits control the AR Prescaler divi- 
sion ratio. The prescaler itself is not affected by 
these bits. The AR PSC division is listed in the 
following Table 11: 


Table 11. Prescaler Division Ratio Selection 


ARPSC Division Ratio 


0 
0 
0 
0 
1 
1 
1 
1 


-OoO-( 0-0-0 


D4. Reserved. Must be kept to 0. 


SL1-SLO. These bits control the edge function on 
AR Timer input pin for external synchronization. If 
bit SLO is cleared to zero the edge detection is 
disabled, if set to one the edge detection is en- 
abled. If bit SL1 is cleared to zero the AR Timer 
input pin is rising edge sensitive, if set to one it is 
falling edge sensitive. 
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CC1-CCO. These bits select the clock source for 
the AR Timer through the AR Multiplexer. The 
programming of the clock sources is explained in 
the following Table 12: 


Table 12. Clock Source Selection 


cco _|clockSource 
Cs 
[Fides 
ao 
es 


CCO 


ARTIMin Input Clock 


AR Load Register ARLR. The ARLR load register 
is used to read or write “on the fly” the ARTC 
counter register, while it is counting. ARLR register 
is not affected by system reset. 


Figure 40. AR Load Register 


ARLR 


AR Load Register 1 
(DBh, Read /Write) 


BRESCSS 
a een 


D7-DO. These are the load register data bits. 
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TIMERS (Continued) 


AR Reload/Capture Register. The ARRC re- 
load/capture register is used to hold the auto-re- 
load value that is automatically loaded into ARTC 
counter from ARRC when overflow occurs. 


Figure 41. AR Reload/Capture 


REL/CAP 


Reload/Capture Register 1 
(D9h, Read /Write) 


ere of 
a ee Reload/Capture Data Bits 


D7-D0. These are the Reload/Capture register 
data bits. 


AR Compare Register. The CP compare register 
is used to hold the compare value to perform the 
compare function with TC counter. 


Figure 42. AR Compare Register 


ARCP 


AR Compare Register 1 
(DAh, Read /Write) 


PPh bbl: 


Compare Data Bits 


D7-D0. These are the Compare register data bits. 
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DIGITAL WATCHDOG 


The digital Watchdog of the ST6260B/65B device 
consists of a down counter that can be used to 
provide a controlled recovery from a software up- 
set. 


The Watchdog generates a system reset when the 
counter passes OOh. User software can prevent the 
reset by reloading the counter. User software 
should therefore be written in such a way that the 
counter is regularly reloaded as long as the soft- 
ware runs correctly. In the case of software upset 
(e.g. infinite loop or power supply fail), user soft- 
ware should not reload the counter so it will pass 
OOh and reset the MCU. 


The Watchdog activation (hardware or software) is 
user selectable by mask option. If the hardware 
option is selected the Watchdog is automatically 
initialized after reset so that this function does not 
need to be activated by the user program. 


The Watchdog uses one data space register 
(DWDR location D8h). The Watchdog register is 
set to FEh on reset and counts down when acti- 
vated. The Watchdog time can be adjusted through 
the value reloaded into the DWDR register. Only 
the 6 MSbits are significant. This gives the possi- 
bility to generate a reset in a time between 3072 to 
‘196608 clock cycles in 64 possible steps (with a 
clock frequency of 8MHz this means from 384.s to 
24.576ms). The reset is prevented if the register is 
reloaded before bits 2-7 decrement from all zeros 
to all ones. : 


The actual watchdog behaviour is controlled by two 
mask options: the WATCHDOG ACTIVATION and 
the EXTERNAL STOP MODE CONTROL (see Ta- 
ble 13). 


The WATCHDOG ACTIVATION can be software (it 
is launched by software) or hardware (it automat- 
ically starts counting down after reset). When the 
software activation is selected, the watchdog can 
be launched by setting to 1 bit 0 of the Digital 
Watchdog Register after bit SR of this register has 
been setto 1. Once activated, the watchdog cannot 
be stopped by software: a full external reset is 
mandatory. 


When the EXTERNAL STOP MODE CONTROL is 
disabled, the STOP instruction is inhibited as soon 
as the watchdog is active. A WAIT instruction is 
processed instead and the watchdog continues to 
countdown. When the EXTERNAL STOP MODE 
CONTROL is enabled, the NMI pin allows, in addi- 
tion to the interrupt generation, to control the exe- 
cution of the STOP instruction. It is inhibited when 
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Figure 43. Watchdog Working Principle 
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NMI is low (a WAIT instruction is processed in- 
stead). When NMI is high, a STOP instruction 
freezes the watchdog counter before entering the 
STOP mode. When the micro exits from the STOP 
mode (for example, when an NMI interrupt is gen- 
erated), the watchdog resumes activity. When the 
EXTERNAL STOP MODE CONTROL is enabled, 
port PBO is in addition forced as open drain output. 


Note: 


When the software activation is selected and the 
watchdog is not activated, the 7 MSbits of the 
counter can be used to perform timer functions. 
Care must be taken as the Watchdog bits are in 
reverse order. 


Bit 1 of the Watchdog register (set to one at reset) 
can be used to generate a software reset if cleared 
to zero. 


OSC:12 
VA00190 
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DIGITAL WATCHDOG (Continued) 


Table 13. Watchdog Activation and External Stop Mode Control : 


Hardware 


Figure 44. Digital Watchdog Register 


DWDR 


Watchdog Register 
(D8h, Read/Write) 


C = Watchdog Actvation Bit 
SR = Software Reset Bit 
T1-T6 = Counter Bits 


C. This is the Watchdog activation bit. If hardware 
option is selected, it is forced high and the user 
cannot change it (the Watchdog is always active). 
When the software option is selected, the Watch- 
dog function is activated by setting C to 1. It can 
then be cleared only by a system reset and is not 
affected by the STOP Mode Control option. When 
C is kept low the counter can be used as a 7-bit 
timer. 


When cleared to zero it allows the use of the 
counter as a 7-bit timer. This bit is cleared on reset. 


SR. This bit is set to one during the reset and will 
generate a software reset if cleared to zero. When C = 
“0” (watchdog disabled) it is the MSB of the 7-bit timer. 
T1-T6. These are the watchdog counter bits. It 
must be noted that D7 (T1) is the LSB of the counter 
and D2 (T6) is the MSB of the counter. 
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Disabled 
Software 
Enabled 
STOP mode available 


STOP Mode Status 


X No STOP mode 


STOP mode available 


. 


STOP mode available if 
watchdog not active 


STOP mode available if 
watchdog not active 


Application note: 


The watchdog has an important role in the high 
noise immunity of the ST62 devices. It should there- 
fore be used wherever possible. The watchdog 
related options must be selected as a tradeoff be- 
tween application security and STOP mode avail- 
ability. When the STOP mode is not required, the 
hardware activation with External STOP Mode Con-: 
trol disabled should be preferred as it provides 
maximum security, especially during power on. 
When the STOP mode is required, the hardware 
activation with External STOP Mode Control en- 
abled should be chosen. NMI should be high by 
default to allow the STOP mode to be entered when 
no specific action is required. When NMI goes low, 
processing is required, so security becomes impor- 
tant: it is provided by the automatically started 
watchdog. 


Connecting pin NMI to PBO (see Figure 46) in 
addition allows a software control of the level at 
the NMI pin. With PBO being forced as open drain 
output, it can then be used to maintain NMI low for 
as long as maximum security must be guaranteed 
or to avoid key bounces or noise. When no more 
processing is required, PBO must be released and 
a STOP instruction can be executed for the device 
returns to the low power consumption mode (pro- 
vided the NMI signal is high). 
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DIGITAL WATCHDOG (Continued) 


Software activation should be used only when the 
watchdog counter must be used as timer. To ensure 
the watchdog has not been unexpectantly turned 
on, the following instructions should be executed 
within the first 27 instructions. 


jrr 0, WD, #+3 
ldi WD, OFDH 


These instructions test the C bit and reset it (i.e. 
deactivate the watchdog) if relevant (i.e. if the 
watchdog is active) by performing a software reset. 


With all modes, a minimum of 28 instructions are 
executed after activation before the watchdog can 
generate a reset. Consequently, user software 
must reload the watchdog counter within the first 
27 instructions following watchdog activation (soft- 
ware mode) or the first 27 instructions executed 
after a reset (hardware activation). 


Figure 45. Digital Watchdog Block Diagram 
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Figure 46. Typical circuit to be used when the 
EXTERNAL STOP MODE CONTROL is enabled 
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8-BIT A/D CONVERTER 


The A/D converter of ST6260B/65B device is an 
8-bit analog to digital converter with up to 7 
(ST6260B) and up to 13 (ST6265B) analog inputs 
(as alternate functions of I/O lines PAO-PA7, PCO- 
PC4) offering 8-bit resolution with total accuracy 
+2 LSB and a typical conversion time of 7Ous 
(clock frequency of 8MHZz). 


The A/D peripheral converts the input voltage by a 
process of successive approximations using a 
clock frequency derived from the oscillator with a 
division factor of twelve. With an oscillator clock 
frequency less than 1.2MHz, the A/D converter 
accuracy is decreased. 


The selection of the pin signal that has to be 
converted is done by configuring the related I/O line 
as analog input through the I/O ports option and 
data registers (refer to I/O ports description for 
additional information). Only one I/O line must be 
configured as analog input at a time. The user must 
avoid the situation in which more than one 1/O pin 
is selected to be analog input to avoid malfunction 
of the ST62xx. 


The ADC uses two registers in the data space: the 
ADC data conversion register which stores the 
conversion result andthe ADC control register used 
to program the ADC functions. 


Aconversion is started by writing a “1” to the Start 
bit (STA) in the ADC control register. This automat- 
ically clears (resets to “O”) the End Of Conversion 
Bit (EOC). When a conversion has been finished 


this EOC bit is automatically set to “1” in order to. 


flag that conversion is complete and that the data 
in the ADC data conversion register is valid. Each 
conversion has to be separately initiated by writing 
to the STA bit. 


The STA bit is continually being scanned so that if 
the user sets it to “1” while a previous conversion 
is in progress then a new conversion is started 
before the previous one has been completed. The 
start bit (STA) is a write only bit, any attempt to read 
it will show a logical “O”. 


The A/D converter has a maskable interrupt asso- 
ciated to the end of conversion. This interrupt is 
associated to the interrupt vector #4 and occurs 
when the EOC bit is set, i.e. when a conversion is 
completed. The interrupt is masked using the EAI 
(interrupt mask) bit in the control register. 


The power consumption of the device can be re- 
duced by turning off the ADC peripheral. That is 
achieved when the PDS bit in the ADC control 
register is cleared to “O”. If PDS="1”, the A/D is 
supplied and enabled for conversion. This bit must 
be set at least one instruction before the beginning 
of the conversion to allow the stabilization of the 
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Figure 47. A/D Converter Block Diagram 
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A/D converter. This action is needed also before 
entering the WAIT instruction as the A/D compara- 
tor is not automatically disabled by the WAIT mode 


During reset any conversion in progress is stopped, 
the control register is reset to 40h and the A/D 
interrupt is masked (EAI=0). 


Notes: 


The ST62xx A/D converter does not feature a 
sample and hold. The analog voltage to be meas- 
ured should therefore be stable during the conver- 
sion time. Variation should not exceed +1/2 LSB for 
the best accuracy in measurement. Alow pass filter 
can be used at the analog input pins to reduce input 
voltage variation during the conversion. 


When selected as an analog channel, the input pin 
is internally connected to a capacitor Cad of typi- 
cally 12pF. For maximum accuracy, this capacitor 
must be fully loaded at conversion start. In the 
worst case, conversion starts one instruction (6.5 
us) after the channel has been selected. In the 
worst case conditions, the impedance ASI of the 
analog voltage source is calculated using the fol- 
lowing formula : 


6.5 us = 9 x Cad x ASI 


(capacitor loaded over 99.9%), ie 30 kQ including 
50% guardland. ASI can be higher if Cad has been 
loaded for a longer time by adding instructions 
before conversion start (adding more than 26 CPU 
cycles is meaningless). 


Since the ADC is on the same chip as the micro- 
processor the user should not switch heavily 
loaded output signals during conversion if high 
precision is needed. This is because such switch- 
ing will affect the supply voltages which are used 
for comparisons. 
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8-BIT A/D CONVERTER (Continued) 


The accuracy of the conversion depends on the 
quality of the power supply voltages (Vpp and Vss). 
The user must specially take care of applying regu- 
lated reference voltage on the Vpp and Vss pins 
(the variation of the power supply voltage must be 
inferior to 5V/ms). This implies in particular that a 
suitable decoupling capacitor is used at Vpp. 


The converter can resolve the input voltage with a 
resolution of: 


Vpp — Vss 
256 


The Input voltage (Ain) which has to be converted 
must be constant for 1us before conversion and 
remain constant during the conversion. 


The resolution of the conversion can be improved 
if the power supply voltage (Vpp) of the microcon- 
troller becomes lower. . 


In order to optimize the resolution of the conver- 
sion, the user can configure the microcontroller in 
the WAIT mode because this mode allows the 
minimization of the noise disturbances and the 
variations of the power supply voltages due to the 
switching of the outputs. Nevertheless, it must be 
take care of executing the WAIT instruction as soon 
as possible after the beginning of the conversion 
because the execution of the WAIT instruction may 
provide a small variation of the Vpp voltage (the 
negative effect of this variation is minimized at the 
beginning of the conversion because the latter is 
less sensitive than the end of the conversion when 
the less significant bits are determined). 


The best configuration from a accuracy point of 
view is the WAIT mode with the Timer and AR Timer 
stopped. Indeed, only the ADC peripheral and the 
oscillator are still working. The MCU has to be 
wake-up from the WAIT mode by the interrupt of 
the ADC peripheral at the end of the conversion. It 
must be noticed that the wake-up of the microcon- 
troller could be done also with the interrupt of the 
TIMER, but in this case, the Timer is working and 
some noise could disturb the converter in terms of 
accuracy. 
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Figure 48. A/D Converter Control Register 


ADCR 


A/D Converter Control Register 
(Dih, Read/Write) 


|} oo 


ae Analog Pin Select 


Clock Select 

PDS = Power Down Selection 
STA = Start of Conversion 
EOC = End of Conversion 
EAI = Enable A/D Interrupt 


EAI. If this bit is set to one the A/D interrupt (vector 
#4) is enabled, when EAI=0 the interrupt is dis- 
abled. 


EOC. Read Only,;This read only bit indicates when 
a conversion has been completed. This bit is auto- 
matically reset to zero when the STA bit is written. 
If the user is using the interrupt option then this bit 
can be used as an interrupt pending bit. Datain the 
data conversion register are valid only when this bit 
is set to one. 


STA. Write Only, Writing a “1” in this bit will start a 
conversion on the selected channel and automat- 
ically reset to zero the EOC bit. If the bit is set again 
when a conversion is in progress, the present 
conversion is stopped and a new one will take 
place. This bit is write only, any attempt to read it 
will show a logical zero. 


PDS. This bit activates the A/D converter if set to 
“1”, Writing a zero into this bit will put the ADC in 
power down mode (idle mode). 


D3-D0. Not used 


Figure 49. A/D Converter Data Register 
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A/D Converter Data Register 
(DOh, Read Only) 
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SERIAL PERIPHERAL INTERFACE SPI 


The ST6260B/65B SPI is an optimized synchro- 
nous serial interface with programmable transmis- 
sion modes and master/slave capabilities 
supporting a wide range of industry standard SPI 
specifications. The ST6260B/65B SPI is controlled 
by simple user software to perform serial data 
exchange with low-cost external memory or serially 
controlled peripherals for display or driving motors 
or relays. The peripheral is composed of an 8-bit 
data/shift register DSR (address EOh), by a Divide 
register DIV (address Eth) and by a mode control 
register MOD (address E2h). 


The SPI may be used as either a Master or a Slave 
Unit. The Master is defined by the synchronous 
serial clock line SCK being supplied by the MCU, 
while the Slave mode accepts external data with 
the SCK clock externally supplied. For the Master 
mode of the SPI, SCK is internally generated with 
a frequency derived from a programmable division 
ratio of the Oscillator Clock divided by 13. Input may 
also be disabled in Master mode for data security. 


For maximum versatility the SPI can be pro- 
grammed to sample the data on either the rising or 
the falling edge of SCK, and with or without a phase 
shift. | 


Figure 50. SPI Block Diagram 
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The Sin, Sout and SCK (SPI Data in, Data out and 
Clock signals respectively) signals are connected, 
as alternate functions, to I/O pins PC2-PC4. PC2 
is connected with the SPI Serial Data Input Sin, 
PC3 is connected with the SPI Serial Data Output 
Sout and PC4 is connected with the SPI Clock 
Input/Output SCK. 


For serial input operation PC2/Sin must be config- 
ured as input. For serial output operation, 
PC3/Sout alternate function is selected by pro- 
gramming Bit 0 of Miscellaneous Register (address 
DDh); writing a zero will set the pin as PC3 I/O line 
while writing a one will select the SPI Sout function- 
ality. The serial clock Input mode is selected if the 
PC4 port pin is programmed in input mode and bit 
SPCLK is cleared. The output mode is selected if 
PC4 is programmed in output mode and SPCLK is 
set to 1. 


An interrupt request can be associated to the end 
of transmission. This request is associated to inter- 
rupt vector #2 and can be masked by programming 
bit SPIE of the SPI MOD register. As the SPI 
interrupt is “ORed” with Port C interrupt source, an 
interrupt flag bit is available in the DIV register 
allowing the discrimination of the interrupt request. 


REGISTER 


DATA BUS 
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SERIAL PERIPHERAL INTERFACE SPI (Continued) 


SPI Registers 

SPI MODE (SPIMOD) Control Register 

The MOD control register defines and controls the 
transmission modes and characteristics. 


This register is read/write and all bits are cleared at 
reset. The configuration of SPSTRT = 1 and SPIN = 1 
is not allowed and must be avoided. 


Figure 51. SPI MOD Control Register 


MOD 


SPI MOD Control Register 
(E2h, Read/ Write 
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CPOL = Clock Polarity 
Selection 

EFILT = Enable Filters 
SPSTRT = Start Selection 
SPIN = Register Input 


SPIE = SPI Interrupt Enable 
SPRUN = SPI Actvity Flag 


SPRUN. This bit is the SPI activity flag. This can be 
used in either read or write modes; it is automat- 
ically cleared by the SPI at the end of a transmis- 
sion and generates an interrupt request (providing 
that the SPIE Interrupt Enable bit is set). The Core 
can stop the running transmission at any time by 
resetting the SPRUN bit; this will also generate an 
interrupt request (providing that the SPIE Interrupt 
enable bit is set). The SPRUN bit can be used as 
the start bit, in conjunction with the SPSTRT bit, 
when an external signal is present on the Sin pin. 


SPIE. This bit is the SPI Interrupt Enable bit. If this 
bit is set to one the SPI interrupt (vector #2) is 
enabled, when SPIE = “O" the interrupt is disabled. 


CPHA. This bit selects the clock phase of the clock 
signal. If this bit is cleared to zero the normal state 
is selected; in this case Bit 7 of the data frame is 
present on Sout pin as soon as the SPI Shift 
Register is loaded. If this bit is set to one the shifted 
state’ is selected; in this case Bit 7 of data frame is 
present on Sout pin on the first falling edge of Shift 
Register clock. The polarity relation and the division 
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ratio between Shift Register and SPI base clock are 
also programmable; refer to DIV register and Tim- 
ing Diagrams for more information. 


SPCLK. This bit selects the SPI base clock source. 
It is either the core cycle clock (fint/13) (Master 
mode) or the signal provided at SCK pin by an 
external device (slave mode). If SPCLK is low and 
the SCK pin is configured as input, the slave mode 
is selected. If SPCLK is high and the SCK pin is 
configured as output, the master mode is selected. 
In this case, the phase and polarity of the clock are 
controlled by CPOL and CPHA. 


SPIN. This bit enables the transfer of the data input 
to the Shift Register in received mode. If this bit is 
cleared to zero the Shift Register input is 0. If this 
bit is set to one the Shift Register input corresponds 
to the input signal present on the Sin pin. 


SPSTRT. This bit selects the transmission start 
mode. If this bit is cleared to zero the internal start 
condition occurs as soon as the SPRUN bit is 
enabled (set to one). If this bit is set to one, the 
internal start signal is the logic “AND” between the 
SPRUN bit and the external signal present on the 
Sin pin; in this case transmission will start after the 
latest of both signals providing that the first signal 
is still present. After the transmission has been 
started, it will continue even if the Sin signalis reset. 


EFILT. This bit enables/disables the input noise 
filters on the Sin and SCK inputs. If it is cleared to 
zero the filters are disabled, if set to one the filters 
are enabled. These noise filters will eliminate any 
pulse on Sin and SCK with a pulse width smaller 
than one to two Core clock periods (depending on 
the occurrence of the signal edge with respect to 
the Core clock edge). For example, if the 
ST6260B/65B runs with an 8MHz crystal, Sin and 
SCK will be delayed by 125 to 250ns. 


CPOL. This bit controls the relationship between 
the data on the Sin and Sout pins and SCK. The 
CPOL bit selects the clock edge which captures 
data and allows it to change state. It has the 
greatest impact on the first bit transmitted (the 
MSB) as it does (or does not) allow a clock transi- 
tion before the first data capture edge. 


Refer to the timing diagrams at the end of this 
section for additional details. These show the rela- 
tionship between CPOL, CPHA and SCK, and in- 
dicate the active clock edges and strobe times. 
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SERIAL PERIPHERAL INTERFACE SPI (Continued) 


SPI Divide (SPIDIV) Register 


The SPIDIV register defines the SPI transmission 
rate and frame format. It also contains the interrupt 
flag bit. 

Bits CD0-CD2, DIV3-DIV6 are read/write while 
SPINT can be read and cleared only. Write access 
is not allowed if the SPRUN bit of Mode Control 
register is set to one. All bits are cleared at reset. 


Figure 52. SPI DIV Register 
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SPI DIV Register 
(Eth, Read/Write) 
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~ Lo CD2 - CDO = Base/Bit Clock 
Rate Selection 

DIV6 - DIV3 = Burst Mode Bit 

Clock Period Selection 


SPINT = Interrupt Flag 


SPINT/DIV7. This is the SPI interrupt flag bit. It is 
automatically set to one by the SPI at the end ofa 
transmission and an interrupt request can be gen- 
erated in accordance with the state of the interrupt 
mask bit into the MOD control register. This bit is 
read only and has to be cleared by the user soft- 
ware at the end of the interrupt service routine. 


DIV6-DIV3. These bits define the number of shift 
register bits that are transmitted in a transmission 
frame. The available selections are listed in Table 14. 
The normal setting is 8 bits. 


CD2-CD0O. These bits define the division ratio be- 
tween the core clock (fint divided by 13) and clock 
supplied to the Shift Register in Master mode. 


SPI Data Shift (DSR) Register 
SPIDSR is the SPI data shift register. 


The Shift Register transmits and receives the Most 
Significant bit as the first bit. 


Table 14. Base/Bit Clock Ratio Selection 


CD2-CD0 Divide Ratio (decimal) 
0 


Divide by 1 
Divide by 2 
Divide by 4 
Divide by 8 
Divide by 16 
Divide by 32 
Divide by 64 
Divide by 256 


0 
0 
0 
0 
| 
1 
1 
1 
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Table 15. Burst Mode Bit Clock Periods 


DIV6-DIV3 Number of bits sent 


Reserved (not to be used) 


“a oso oor esto 4 OOODOCVOOCO OC 
--00-('-O00+$00—>$ +$" O @ 
“=“O--0-0 =-O0O0-0-0-0-0 


3 
4 
& 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


SPIDSR is read/write, however write access is not 
allowed if the SPRUN bit of Mode Control register 
is set to one. 

DSR7-DSRO. These are the SPI shift register data 
bits. 

Data is sampled into DSR on the SCK edge deter- 
mined by the CPOL and CPHA bits. The affect of 
these setting is shown in the following diagrams. 


Figure 53. SPI Data/Shift Register 


SPIDSR 


SPI Data/Shift Re Na 
( E0h ReadMrite 


able lelsfs 


Figure 54. Miscellaneous Register 


Miscellaneous 


Miscellaneous Register 
(DDh, Read/ Write) 


PPP b= 


Lm 
Reserved 
Bit 0. This bit, when set, selects pin PC3/Sout as 


the SPI output line. When this bit is cleared to zero, 
PC3/Sout acts as a standard |/O line. 
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SERIAL PERIPHERAL INTERFACE (Continued) 


SPI Timing Diagrams 


Figure 55. CPOL = 0 Clock Polarity Normal, CPHA = 0 Phase Selection Normal 
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Figure 56. CPOL = 1 Clock Polarity Inverted, CPHA = 0 Phase Selection Normal 
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Figure 57. CPOL = 0 Clock Polarity Normal, CPHA = 1 Phase Selection Shifted ' 


VROB1694 


Figure 58. CPOL =1 Clock Polarity Inverted CPHA = 1 Phase Selection Shifted 
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SOFTWARE DESCRIPTION 


The ST62xx software has been designed to fully 
use the hardware in the most efficient way possible 
while keeping byte usage to a minimum; in short to 
provide byte efficient programming capability. The 
ST62xx core has the ability to set or clear any 
register or RAM location bit of the Data space with 
a single instruction. Furthermore, the program may 
branch to a selected address depending on the 
status of any bit of the Data space. 


Addressing Modes 


The ST62xx core has nine addressing modes 
which are described in the following paragraphs. 
The ST62xx core uses three different address 
spaces : Program space, Data space, and Stack 
space. Program space contains the instructions 
which are to be executed, plus the data for imme- 
diate mode instructions. Data space contains the 
Accumulator, the X,Y,V and W registers, peripheral 
and Input/Output registers, the RAM locations and 
Data ROM locations (for storage of tables and 
constants). Stack space contains six 12-bit RAM 
cells used to stack the return addresses for subrou- 
tines and interrupts. 


Immediate. In the immediate addressing mode, 
the operand of the instruction follows the opcode 
location. As the operand is a ROM byte, the imme- 
diate addressing mode is used to access constants 
which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 


Direct. In the direct addressing mode, the address 
of the byte that is processed by the instruction is 
stored in the location that follows the opcode. Direct 
addressing allows the user to directly address the 
256 bytes in Data Space memory with a single 
two-byte instruction. 


Short Direct. The core can address the four RAM 
registers X,Y,V,W (locations 80h, 81h, 82h, 83h) in 
the short-direct addressing mode . In this case, the 
instruction is only one byte and the selection of the 
location to be processed is contained in the op- 
code. Short direct addressing is a subset of the 
direct addressing mode. (Note that 80h and 81h 
are also indirect registers). 


Extended. In the extended addressing mode, the 
12-bit address needed to define the instruction is 
obtained by concatenating the four less significant 
bits of the opcode with the byte following the op- 
code. The instructions (JP, CALL) that use the 
extended addressing mode are able to branch to 
any address of the 4K bytes Program space. 


An extended addressing mode instruction is two- 
byte long. 


ISTA SGS-THOMSON 


31T6260B/65B 


Program Counter Relative. The relative address- 
ing mode is only used in conditional branch instruc- 
tions. The instruction is used to perform a test and, 
if the condition is true, a branch with a span of -15 
to +16 locations around the address of the relative 
instruction. If the condition is not true, the instruc- 
tion that follows the relative instruction is executed. 
The relative addressing mode instruction is one- 
byte long. The opcode is obtained in adding the 
three most significant bits that characterize the kind 
of the test, one bit that determines whether the 
branch is a forward (when it is 0) or backward (when 
it is 1) branch and the four less significant bits that 
give the span of the branch (0h to Fh) that must be 
added or subtracted to the address of the relative 
instruction to obtain the address of the branch. 


Bit Direct. In the bit direct addressing mode, the 
bit to be set or cleared is part of the opcode, and 
the byte following the opcode points to the address 
of the byte in which the specified bit must be set or 
cleared. Thus, any bit in the 256 locations of Data 
space memory can be set or cleared. 


Bit Test & Branch. The bit test and branch ad- 
dressing mode is a combination of direct address- 
ing and relative addressing. The bit test and branch 
instruction is three-byte long. The bit identification 
and the tested condition are included in the opcode 
byte. The address of the byte to be tested follows 
immediately the opcode in the Program space. The 
third byte is the jump displacement, which is in the 
range of -126 to +129. This displacement can be 
determined using a label, which is converted by the 
assembler. 


Indirect. In the indirect addressing mode, the byte 
processed by the register-indirect instruction is at 
the address pointed by the content of one of the 
indirect registers, X or Y (80h,81h). The indirect 
register is selected by the bit 4 of the opcode. A 
register indirect instruction is one byte long. 


Inherent. In the inherent addressing mode, all the 
information necessary to execute the instruction is 
contained in the opcode. These instructions are 
one byte long. 


51/86 


e MICROELECTRONICS 


153 


916260B/65B 


SOFTWARE DESCRIPTION (Continued) 
Instruction Set 


The ST62xx core has a set of 40 basic instruc- 
tions. When these instructions are combined with 
nine addressing modes, 244 usable opcodes can 
be obtained. They can be divided into six different 
types:load/store, arithmetic/logic, conditional 
branch, control instructions, jump/call, bit manipu- 
lation. The following paragraphs describe the dif- 
ferent types. 


All the instructions within a given type are pre- 
sented in individual tables. 


Table 16. Load & Store Instructions 


Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 
Direct 
Indirect 
Indirect - 
Indirect 
Indirect 


Immediate 
Immediate 


LDI A, #N 
LDI rr, #N 


Notes: 

X,Y. Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 

rr. Data space register 

A. Affected 

*. NotAffected 


Load & Store. These instructions use one,two or 
three bytes in relation with the addressing mode. 
One operand is the Accumulator for LOAD and the 
other operand is obtained from data memory using 
one of the addressing modes. 


For Load Immediate one operand can be any of the 
256 data space bytes while the other is always 
immediate data. 


- fF PHA HA HAP HAA HLH A 
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SOFTWARE DESCRIPTION (Continued) 


Arithmetic and Logic. These instructions are 
used to perform the arithmetic calculations and 
logic operations. In AND, ADD, CP, SUB instruc- 
tions one operand is always the accumulator while 
the other can be either a data space memory 


Table 17. Arithmetic & Logic Instructions 


instruction | Addressing Mode Bytes 


ADD A, (X) Indirect 
ADD A, (Y) Indirect 
ADD A, tr Direct 


ADDIA, aN 


AND A, (X) Indirect 
AND A, (Y) Indirect 


COPIA, aN 


DEC X Short Direct 


DEC Y Short Direct 
DEC V Short Direct 
DEC W Short Direct 
DECA Direct 

DEC rr Direct 

DEC (X) Indirect 


DEC (Y) Indirect 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 

Direct 

Indirect 
Indirect 


SLAA 
SUB A, (X) 
SUB A, (Y) 


Inherent 
Indirect 
Indirect 


SUB A, rr Direct 
SUBIA, #N 
Notes: | 


X,Y. Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 
rr. Data space register 


pofe 


AND A, rr Direct 

ANDIAAN [immediate =| 2 «| SO SCT SCO 
CLRA Short Direct 2 4 
ee eS ee 
[COMA siinerent | A 


A PHRAP HRA AHA AL 


phen peeeesesperecee 
Het 


—_ 


RLCA ‘inherent’ Sid 


rhe 
pa 
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content or an immediate value in relation with the 
addressing mode. In CLR, DEC, INC instructions 
the operand can be any of the 256 data space 
addresses. In COM, RLC, SLA the operand is 
always the accumulator. 


h ALA 


A. Affected 
*_ Not Affected 
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SOFTWARE DESCRIPTION (Continued) 


Conditional Branch. The branch instructions 
achieve a branch in the program when the selected 
condition is met. 


Bit Manipulation Instructions. These instruc- 
tions can handle any bit in data space memory. One 
group either sets or clears. The other group (see 
Conditional Branch) performs the bit test branch 
operations. 


Table 18. Conditional Branch Instructions 


JRR b, rr, ee 
JRS b, rr, ee 
Notes: 
b. 3-bit address 


e. 5 bit signed displacement in the range -15 to +16 
ee. 8 bit signed displacement in the range -126 to +129 


Table 19. Bit Manipulation Instructions 


Addressing Mode Bytes 


Notes: 
b. 3-bit address; 
rr. Data space register; 


Table 20. Control Instructions 


SET b,rr Bit Direct 
RES b,rr Bit Direct 


Control Instructions. The control instructions 
control the MCU operations during program execu- 
tion. 


Jump and Call. These two instructions are used to 
perform long (12-bit) jumps or subroutines call 
inside the whole program space. 


aan NON Y 


rr. Data space register 
A. Affected 
Not Affected 


Cycles 


. Not Affected 


Inherent 
Inherent 
Inherent 
Inherent 


Inherent 
Notes: 


1. This instruction is deactivated and a WAIT is automatically executed instead of a STOP if the watchdog function is selected. 


A. Affected 
*. Not Affected 


Table 21. Jump & Call Instructions 


Addressing Mode _ 


cia 


CALL abc Extended 
JP abc Extended 


Notes: 
abc.12-bit address; 
*. NotAffected 
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SOFTWARE DESCRIPTION (Continued) 


Opcode Map Summary. The following table contains an opcode map for the instructions used by ST6 


a\ ||| |e | [fe | | | | 
0000 0100 0111 1000 1010 
2 JRNZ|4 CALL|2 JRNC|5 JRRi2 JRZ 2 JRC/4 \LD/2JRNZ|4 JP/2JRNC/4 RES 
Scalia ite aa esl: 
1 per]2- = ext}i-— per]3 bt]1 per 1  pre]1  ind|1 perj/2  extii perl2 bd i 
2JRNZ|4 CALL/2 JRNC|5 JRS/2 JRZ/4 INC/2 JRC|4 LDI/2JRNZ|4 JP/2JRNC/4 SET DEC} 2 
Soild pGibmisipicti 
1 per]2 ext]1 = per]3 btli  per]/1  sdii  prcej2 imm}i- per}]2- extl1 perl2 bdj1_ peri 1 
2 JRNZ|4 CALL|2 JRNC|5 JRR/2 JRZ 2 JRC(4 CP/2JRNZ/4 JP|2JRNC/4 RES/2 JRZ/4 
ahi eReicieioiat 
1 per]2- ext]1 = per|/3 bti 1 r 1 prejt ind]1 per]2  exti}1 perj2 bdli 1 inh}1 
2JRNZi4 CALL]2JRNC/5 JRS/2 JRZ}4 LD/2 JRC|4 CPI]2JRNZ|4 JP}2JRNC/4 SET/2 
Bini tibciici: 
1 per}2 ext}1 sper 1 perj1 = sd pre]2 immj1  per}2- ext]/1 = perj/2 bd.j1 per} sd] 1 
2JRNZ|4 JP|/2JRNC/4 RES|/2 JRZ/2 RETI2 
aia 
indji = per}2sext}1. = per}2.ssbd]1—sper]1_—sinh|1_——sper 
J 2 JP 
e abc 
1 
1 


8 
nO 
oO « = 
no] wa 
NLS N 
fh 
< 
< » O 
D> Ol ., 
Oo Ss|/a 
hey rn 
| a, @ 
als al 


Slo 
OFS 


Cc 
rc 
rc 
rc 
RC 


—_ 
feo) 


1 
2 JRNZ|4 CALL] 2 JRNC 2 JRC 
0 be 0 e abc e b2,rr,ee e 
1 perl2  exti1 = per|3 1 pre Tr i 
2 JRNZ/ 4 CALL 5 JRS|2 4 INC}2 JRNZ| 4 2JRNC|4 SET/2 JRZ/4 DEC|/2 JRC}4 ADD 
e abc b2,rr,ee y e e b2,rr e y arr 

1 perj2- ext 3 1 per} sd|]1 pre per}]2  ext]1  perj2 bdi1_ per sd] 1 2 dir 
2 2JRNC|4 RES|2 JRZ INC 
6 
e b6,rr e e {y 0110 
1 per]2 bd]1 per inh} 1 ~—s per} 4 
IT 
e 
r 
e 
e 


Le) 
12) 
Uv 
nN 
aq 
ale 


oh 


5 JRS 
b6,rr,ee 


oO 


in 
2 JRNZ|4 CALL] 2 JRNC 2 
nS e abe e 
1 perl2 e 1 per sd 
2 JRNZ| 4 CALL 5 JRR|2 JRZ LD 
ean e abc bi,rr,ee (x),a 
1 perj]2_ ext r ind 
2 
in 


JRZ 
r 
JRZ 
r 
JRZ 


8 

8 
i= 
ale 


oO 


Xx 
JRZ 
e 
X 2 
2 JRNZi4 CALL 5 JRR JRZ 4 INC 4 
e abe b6,rr,ee e (x) 
ait ae Rea ae 
JRZ 2JRNC|4 SET/2 JRZj4 LD/2 JRC/4 
ses) else glade 
xt 1 ri2 bd 1 sd} 1 2 
4 4 
1 


ht 


N 
pe 


2 JRNZ 


8 
ho 


Slo 
O/8 


ic] 


4 JP 

abc ) 
2 ext ind 
4 JP INC 

abc 
2. ext dir 
4 JP|2JRNC/4 RES|2 JRZ 2 LD 
Cipla 
2 ext]1 =~ per bd per 1 1 ind 
4 JP/2JRNC SET|2 JRZ/4 DEC/2 4 Lb 

abc e b1,rr e Vv ra 
2 ext]1  per{2 bd]1_ per sdj1 2 dir 
4 JP/2JRNC/}4 RES|2 JRZ/4 RLC/2 
b5,rr e a e 
2 ext]i  perl2 bdj1  per{i  inhj1 per 

4 


2 JRNZ 

1 r 

4 AND 
a,(x) 

1 d 


_ 


2 
2 
2 
2 
2 


Slo 
i) ES 


e 
{ 
R 
e 
1 pe pec 
R 2 JRNZ 
i ie 
1 pe 1 per 
5 JRS|/2 JR 
e 
1 pe 


JRC 
e 
1 pre 
JRC 
e 
1 pre 
JRC 
e 
1 pre 
JRC 
e 
1 pre 
JRC 
e 
1 pre 
2 
e 
1 


4 Lb 
ay 

1 

4 INC 

Vv 

1 sd 

4 Lo 
a,v 

1 sd 


JRC 4 JP|2JRNC SET|2 JRZ}4 LD/2 JAC 
e abc e b5,rr,ee abc e b5,rr e v,a e 
1 perj2 ext} _—_per a ee Lele b.dj1 = perji —sdj1_—_per 
2 JRNZ| 4 CALL 2 JRZ 2 JRC{/4 SUB/2JRNZ/4 JP|2JRNC/i4 RES|/2 JRZ|2 RET|/2 JRC 
Biotio bmRcbciitiNie es 
1 perf2- ext 1 per 1 prel]i1 indi]? pcer]2  exti1 per|/2 bdl1  per|i  inhi1— perj1_— ind 
2 JRNZ| 4 CALL 2 JRZ{4 INC/2 JRC 2JRNZ|4 JPI2JRNC/|4 SET|2 JRZ 2 JRC}4 SUB 
e e e e b3,rr e e a,rr 
1 per]2- ext 1 per}1 sd]1 prc]2 imm|1 = per}/2 ext]1 perj2 bd}1i- per 1 perj2 dir 
2JRNZ|4 CALL/2 JRNCI5 JRR/2 JRZ 2 JRC|4 DEC|2JRNZ/4 JP/2JRNC/4 RES|/2 JRZ/2 WAIT/2 JRC|4 DEC 
e abe e e e (x) e abc e b7,rr e e (y) 

1 per}2  ext}1 = per]3 1 per 1 preji ind] = perf2  extli  per]2 bdli- perj1  inh}1 ~~ pert1 ind 
2JRNZ|4 CALL|2 JRANC|5 JRS/2 JRZ/4 LD/2 JRC 2JRNZ|4 JP|2JRNC/4 SET/2 JRZ/4 LD/2 JRC/4 DEC 
e abc e b7,rree| e a,w e e abc e b7,rr e w,a Tv 

2  ext/1  peri3  btl1 per]/1  sdii- pre 1 perj/2  ext]1 perj2- bd}1 1 sdj1 per/2_—s dir 


Abbreviations for Addressing Modes: Legend: 
dir Direct # Indicates Illegal Instructions Cycles Mnemonic 
sd Short Direct e 5 Bit Displacement Opera 
imm Immediate b 3 Bit Address Byte 
inh Inherent rr 1byte dataspace address Addressing Mode 
ext Extended nn 1 byte immediate data 
b.d __ Bit Direct abc 12bit address 
bt Bit Test ee 8 bit Displacement 
pcr § Program Counter Relative 
ind Indirect 
K57, S&S:THOMsoN 55/86 
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ELECTRICAL CHARACTERISTICS, 


Absolute Maximum Ratings Power Considerations. The average chip-junc- 

This product contains devices to protect the inputs ‘tion temperature, Tj, in Celsius can be obtained 

against damage due to high static voltages, how- _—«‘from: 

ever itis advised to take normal precaution to avoid Tj = Ta + PD x RthJA 

sila eat any voltage higher than maximum Where: Ta= Ambient Temperature. 
eat RthJA= Package thermal resistance 

For proper operation it is recommended that Vjand (junction-to ambient) 

Vo must be higher than Vss and smaller Vpp._ - : 

Reliability is enhanced if unused inputs are con- PD= —_—Pint + Pport. 

nected to an appropriated logic voltage level (Vpp Pint= —_ Ipp X Vpp (chip internal power). 

or Vss). : Pport= Port power dissipation 


(determinated by the user). 


Supply Voltage -0.3 to 7.0 i; ee 
Input Voltage Vsg - 0.3 to Vpp.+ 0.3") 


Output Voltage Vs - 0.3 to Vpp + 0.3") 
Current Drain per Pin Excluding Vpp, Vss 
Pin Injection current (positive), All /O, Vop = 4.5V 
linu- Pin Injection current (negative), All I/O, VDD = 4.5V . 
50 


[Woo | Tota Curentne Voo(eouesy SSS SSS 


Notes : 

- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

- (1) Within these limits, clamping diodes are guaranteed to be not conductive. Voltages outside these limits are authorised as long as 
injection current is kept within the specification. . 


- @) The total current through ports A and B combined may not exceed 50 mA. The total current rough pee C may not exceed 50 mA. 
If the application is designed with care and observing the limits stated above, total current may reach 100 mA. 


THERMAL CHARACTERISTIC 


Parameter 


Thermal Resistance 
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re, Snorer 
158 


51T6260B/65B 


RECOMMENDED OPERATING CONDITIONS 


| Value 


0 6 Suffix Version od 85 
perating Temperature 4 Suffix Version 70 


fosc= 4MHz 

fint = 4MHz 
Operating Supply Voltage me 

fosc = BMHz 

finr = 8MHz 


Internal Frequency ©) vee Ae cae : " 


Pin Injection Current (positive) 
Digital Input ™ Vop = 4.5 to 5.5V 
Analog Inputs ) 


Pin Injection Current (negative) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs 


Notes : 


1. Acurrent of + SmA can be forced on each pin of the ¢ ital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins. 


2. Ifa total current of +1 mA is flowing into the single analog channel or if the total current yowing into all the analog inputs is of 1mA, all the 
resulting conversions are shifted by +1 LSB. Ifa total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 L 


3. Aninternal frequency above 1MHz is recommended for reliable A/D results. 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY (MHz ) 


3.5 4 4.5 
SUPPLY VOLTAGE ( V,, ) VR001807 


The shaded area is outside the ST6260B/65B operating ra nge, device functionality is not guaranteed. 
The striped area is guaranteed only with the LOW VOLTAGE option. 
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RC Oscillator. fosc Frequency versus RNET (Typical Values) 
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The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 
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RC Oscillator. fosc Frequency versus RNET (Typical Values) 


Von = 9 Volts 
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25. C = 85-C pet one 


The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 
\ VRO1935A 
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DC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Test Conditions 


Symbol Parameter 


Input Low Level 
Voltage 
All inputs 


Input High Level 
Voltage 
All inputs 


Hysteresis Voltage “ 
All Inputs 


Low Level Output 
Voltage 
Port A, C 


Vpp=4.5V loL= +1.6mA 
Vpp=4.5V lo. = +5.0mMA 
Vpp=3.0V lo. = +0.7mA 


Low Level Output 
Voltage 
Port B 


Vpp=4.5V lo_ = +1.6MA 
Vpp=4.5V loLt=+20.0MA 
Vpp=3.0V lot = +0.7mA 


Vpp=4.5V lot = -1.6mA 
Vpp=4.5V lot = -5.0mA 
Vpop=3.0V lot = -0.7mA 


High Level Output 
Voltage 
Port A, B, C 


Input Pull-up Current 
Input Mode with Pull-up | Vin= Vss, Vop=2.5-6V 
Port A, B, C, NMI 


lit Input Leakage Vin = Vss 
lin Current(1) Vin = Vop 
Supply Current in VreseT=Vss: 
RESET Mode fosc=8MHz 
Supply Current in Vpp=5.0V — fint=8MHz 
RUN Mode ©) Vpp=3.0V fint=4MHz 


100 


> 


ee) 
on 
3 


oi, 
C ran) 


No O° 
o> ho fo 


am o>) 

ze 
3 
> 


Supply Current in Vpp=9.0V — fint=8MHz 
WAIT Mode ®? Vop=3.0V  fint=4MHz 


Standard STOP Mode ILoAD=OMA 10 A 

Consumption Option | Vpp=6.0V; 70°C H 

Low STOP Mode ILoapb=OmA A 

Consumption Option | Vpp=3.0V; 70°C H 
Notes : 


Only when pull-ups are not inserted 

All perpuetals running ; 

EEPROM and A/D Converter in Stand-by 
Hysteresis voltage between switching levels 


—+|— 
a: 
whey 
o 
> 


POMS 
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AC ELECTRICAL CHARACTERISTICS 
Ta = -40 to +85°C unless otherwise specified 


Symbol ‘ 
Parameter Test Conditions 
Oscillator Frequency ve Z re ; 
t Oscillator Start-up Time Ceramic Resonator 
a at Power On ®) Cu = Cie = 22pF 


8MHz Ceramic Resonator 
CL1=C.2=22pF 


8MHz Quartz 
CL1=CL2=22pF 


Oscillator STOP mode 
Recovery Time 


Ta = 25° 
Ta = 85T 
Ta = 125°C ; 


EEPROM WRITE/ERASE Cycle =| Qa Lor Acceptance 800,000 


[Retenion | EEPROWDaaRotntion [tase «dL | «|i 
ae 
a 


EEPROM Write Time 


Input Capacitance All Inputs Pins A, atl 
Output Capacitance All Outputs Pins id 


Note: 
1. Period for which Vpp has to be connected at OV to allow internal Reset function at next power-up. 
2. See Figure 59. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application. 


Figure 59. Power On Reset 
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VA0295A 


60/86 {7 SGS-THOMSON 
»/ MICROELECTROMICS 


ST6260B/65B 


ELECTRICAL CHARACTERISTICS (Continued) 
CURRENT CONSUMPTION 


IDD Current Versus Supply Voltage 
Typical Values (Ta : +85°C) 


RUN MODE WAIT MODE 
IDD (mA) IDD (mA) 


VR01993A 
Note (1) : Using the network described in the Application Note AN673 


IDD Current Versus Supply Voltage 
Typical Values(Ta : +85°C) 


STOP MODE 


VR01993B 
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I/O PORT CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Parameter Test Conditions 


Input Low Level Voltage I/O Pins 


Vop= 5.0V 

lor=.10nA, All 1/O Pins 
lo.= 5mA , Standard 1/O 
loc= 10mA, Port B 


loc= 20mA , Port B 


lon= — 10nA 
High Level Output Voltage lou= — 5mA, Vpp= 5.0V 
lon= — 1.5mA, Vpp= 3.0V 
Input Leakage Current 7 bal rVss 
I/O Pins (pull-up resistor off) Vop= 5 5V 


SPI CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Clock Frequency at SCK 


Data Set up time on Sin 


Data hold time on Sin 


t Delay Transmission started on 
Sin 


Note 1. Minimum time Ous 
Maximum time 1 instruction cycle 
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TIMER1 CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


= 4 HS 


Pulse Width at TIM1 Pin") 


Note 
1..No t available for ST6260B 


AR TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


re 


Input Frequency on STOP Mode 


ARTIMin pin 


RUN and WAIT Modes 


Vpp = 3.0V 
Vpp = 4.5V 
Vpp = 5.5V 


Pulse Width at 
ARTIMin Pin 
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A/D CONVERTER CHARACTERISTICS 
(Ta= -40 to +85°C unless otherwise specified) 


a 
(1) (2) fosc > 1.2MHz 
Total Accuracy fosc > 32kHz 
fcomerionrane | i 


Fam |zwornanening (Oren 
- 


Test Conditions 


LSB 


~“ 
Oo 


wn 


-e 


Hex 


1 
TI 


Hex 


: Conversion result 
Analog Input Current During 7 


ACwn®) Analog Input Capacitance Ln ee 


‘| Analog Channel 
AS! Analog Source Impedance switched just before 
conversion start “) 


Notes: 


1. Noise at Vop, Vss<10mV ; 

2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. 

3. oun Pa acitance. ; ee : 

4. ASI! can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start. 


= 
oO 


= 
+e) 


< 
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READ PROTECTION FUSE 


If the ROM READOUT PROTECTION option is 
selected as enabled, the following waveform must 
be applied at the Vpp pin for the fuse to be blown: 


The following circuit can be used for this purpose: 


Figure 60. Example of READOUT 
PROTECTION Fuse programming circuit 


PROTECT 


io 14V 


ZPD15 
15V 


VR02003 


— Se Se eS 


t Note: ZPD15 is used for overvoltage protection 
VR02001 
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ORDERING INFORMATION 


The following chapter deals with the procedure for § Table 22. ROM Memory Map 
transfer customer codes to SGS-THOMSON. 


Communication of the customer code. Cus- ; = 
tomer code is made up of the ROM contents and Device Address 


the list of the selected mask options. The ROM 0000h-007Fh Reserved (1) 
contents are to be sent on one diskette with the 0080h-OF9Fh User ROM 
hexadecimal file generated by the development OFAOh-OFEFh Reserved 
tool. All unused bytes must be set to FFh. OFFOh-OFF7h Interrupt Vectors 


OFF8h-OFFBh Reserved ") 
OFFCh-OFFDh NMI Interrupt Vector 
OFFEh-OFFFh Reset Vector 


The selected mask options are communicated to 
SGS-THOMSON using the correctly filled OPTION 
LIST appended. 


Listing Generation & Verification. When SGS- Notes : : 
THOMSON receives the diskette, a computer list- PCE rune me te enn yore 
ing is generated from it. This listing refers exactly 

to the rnask that will be used to produce the micro- 

controller. Then the listing is returned to the cus- 

tomer that must thoroughly check, complete, sign 

and return it to SGS-THOMSON. The signed listing 

constitutes a part of the contractual agreement for 

the creation of the customer mask. _ 


SGS-THOMSON sales organization will provide 
detailed information on contractual points. 


ORDERING INFORMATION TABLE 


0 to +70°C 
0 to +70°C 
-40 to +85°C nodes 


Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options. 
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ST6260B, ST6265B MICROCONTROLLER OPTION LIST 
Customer 
Address 


Contact 
Phone No 
Reference 


SGS-THOMSON Microelectronics references 
Device: 
[ ] ST6260B, [ ] ST6265B 
Package: 
[ ] Dualin Line Plastic [ ] Small Outline Plastic 
In this case, select conditioning 
[ ] Standard (Stick) [ ] Tape & Reel 
Temperature Range: 
[ ]0°Cto+ 70°C [ ]-40°C to + 85°C 
Special Marking: 
[ ] No 
[ ] Yes 


Authorized characters are letters, digits, ’.’, —’, ‘/ and spaces only. 
Maximum character count DIP20 - DIP28: 10 
' S020 - SO28: 8. 


Oscillator Source Selection : 
[ ] Crystal Quartz/Ceramic Resonnator 
] RC Network 
Power on Reset Delay: 
] 32768 cycles.delay 
] 2048 cycles delay 


Watchdog Selection: 


] Software Activation (STOP mode available) 
] Hardware Activation (no STOP mode) 


External STOP Mode Control: 
[ ] Enabled 
[ ] Disabled 


ROM Readout Protection: 
[ ] Disabled 


For Enabled option, contact your local SGS-THOMSON office. 


STOP Mode Consumption: 
[ ] Standard (10nA max) 
For Low STOP Mode Consumption option contact your local SGS-THOMSON office. 


Supply Operating Range: [ ] Standard Range: 3.0V to 6.0V 


Notes 


Signature 


Date 
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PACKAGE MECHANICAL DATA 


Figure 61. 20-Pin Dual in Line Plastic (B), 300-Mil Width 


ime of a 


ive) 
N 
nw 
< 
ao 
S 


Figure 62. 28-Pin Dual in Line Plastic (B), 600-Mil Width 
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PACKAGES MECHANICAL DATA (Continued) 


Figure 63. 20-Lead Small Outline Plastic (M), 300-Mil Width 


VRO01726 


Number of Pins 


VRO01726 
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8-BIT OTP/EPROM HCMOS MCUs WITH 
AID CONVERTER, EEPROM & AUTORELOAD TIMER 


PRELIMINARY DATA 


a 3.5 to 6.0V Supply Operating Range 
=» 8 MHz Maximum Clock Frequency 
m -40 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 
= 5 different interrupt vectors 
= Look-up table capability in ROM 
=» User EPROM: 3884 bytes 
Data ROM: User selectable size 
(in program EPROM) 
Data RAM: 128 bytes 
EEPROM: 128 bytes 
PDIP20, PSO20 (ST62T60B) packages 
PDIP28, PSO28 (ST62T65B) packages 
FDIP20W (ST62E60B) packages 
FDIP28W (ST62E65B) packages 
13/21 fully software programmable I/O as: 
— Input with pull-up resistor 
— Input without Pull-up resistor 
— Input with interrupt generation 
— Open-drain or push-pull outputs (Ordering Information at the end of the datasheet) 
—~ Analog Inputs 
a 6/8 I/O lines can sink up to 20mA for direct LED EPROM PACKAGES 
or TRIAC driving 
a 8 bit counter with a 7-bit programmable prescaler 
(Timer1) 
a 8 bit Autoreload timer with 7-bit programmable 
prescaler (AR Timer) 
= Digital Watchdog 
a 8 bit A/D Converter with up to 7 (ST62E60B, T60B) 
and up to 13 (ST62E65B, T65B) analog inputs 
8 bit Synchronous Peripheral Interface (SPI) 
a On-chip clock oscillator driven by Quartz or Ce- 
ramic or RC network 
-m User configurable Power-on Reset 
= One external not maskable interrupt J 


= 9 powerful addressing modes The ST62E60B and ST62E65B are the EPROM ver- 
sions; ST62T60B and ST62T65B are the OTP ver- 
sions; both are fully compatible with ST6260B and 

516265B ROM resonator versions. 


FDIP20W FDIP28W 
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Figure 1. ST62E60B/T60B Pin Configuration 


PBO 
PB1 

TEST ) 

PB2 

PB3 

ARTIMin / PB6 
ARTIMout / PB7.- 


Ain / PAO 
Vop 


PC2/Sin/ Ain 
PCS / Sout / Ain 


1 PC4/SCK/ Ain 


NMI 
RESET 
OSCout 
OSCin 
PAS / Ain 
PA2 / Ain 


Figure 2. ST62E65B/T65B Pin Configuration 


PBO 
PB1 

TEST “) 

PB2 

PB3 

PB4 

PB5 

ARTIMin / PB6 
ARTIMout / PB7 


PCO / Ain 
PC1/TIM1 / Ain 
PC2/Sin/ Ain 
PC3 / Sout / Ain 
PC4/SCK/ Ain 
NMI 

RESET 
OSCout 

OSCin 


PA1 / Ain 


VR001821 


Note 1. This pinis also the Vep input for EPROM based devices 


Figure 3. ST62E60B,E65B Block Diagram 


TEST/V,, LJ 


NMI [1 INTERRUPT 


DATA ROM 
USER 
SELECTABLE 


DATA RAM 
128 Bytes 
DATA EEPROM 
128 Bytes 


USER PROGRAM 
EPROM 
3884 Bytes 


OSCILLATOR 
SUPPLY DIVIDER 
oe ee 


OSCin OSCout RESET 


8 BIT CORE (_Y 


Yoo Vss 
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Ain / PAO PA7/ Ain 
Vop PAG / Ain 
Vss PAS / Ain 
Ain / PA‘ PA4 / Ain 
Ain / PA2 PA3 / Ain 
VR001822 


PAO..PA3 
PA4..PA7 / Ain * 


PBO..PB3 / 20mA SINK 
PB4..PB5 / 20mA SINK * 
PB6 / ARTIMin / 20ma SINK 
PB7 / ARTIMout / 20ma SINK 


ieee 
<—yL_Porre KT) 
<—[_Porre KT) 
L_TMent | 


PCO / Ain * 

PC1 / TIM1 / Ain * 
PC2 / Sin / Ain 
PC3 / Sout / Ain 
PC4 / SCK / Ain 


Ain = Analog Input 


(<> AUTORELOAD 
TIMER 


SERIAL PERIPHERAL 
‘—Y]_ INTERFACE (SPI) 
<—_| DIGITAL WATCHDOG 


8 BIT 
ees 


NOT AVAILABLE ON ST62E60B/T60B 


VROB1823 
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GENERAL DESCRIPTION 


The ST62E60B,T60B,E65B,T65B microcontrollers 
are members of the 8-bit HCMOS ST62xx family, a 
series of devices oriented to low-medium complexity 
applications. 


They are the EPROM and OTP versions of the 
ST6260B and ST6265B devices. EPROM are 
suited for development. OTPs are suited for proto- 
typing, preseries, low to mid volume series and in- 
ventory optimization for customer having several 
applications using the same MCU. All ST62xx 
members are based on a building block approach: 
a common core is surrounded by a combination of 
on-chip peripherals (macrocells). 


The macrocells of the ST62E60B, T60B, E65B and 
T65B are: the timer peripheral that includes an 8- 
bit counter with a 7-bit software programmable 
prescaler (Timeri), the 8-bit Auto-reload Timer 
with 7 bit programmable prescaler (AR Timer), the 
8-bit A/D Converter with up to 7 (ST62E60B, T60B) 
and up to 13 (ST62E65B,T65B) analog inputs (A/D 
inputs are alternate functions of I/O pins), the Digi- 
tal Watchdog (DWD) and an 8-bit Serial synchro- 
nous Peripheral Interface (SPI). In addition, these 
devices offer 128 bytes of EEPROM for non vola- 
tile data storage. | 


The ST62E60B, T60B, E65B and T65B are up- 
ward compatible with the ST62E60, T60, E65, 
T65. They in addition feature RC network, user 
configurable Power-on Reset Delay and an Exter- 
nal STOP Mode Control option to enlarge the 
range of power consumption/safety trade-offs. 


ST62E60B ,T60B, E65B and T65B are well suited 
for automotive, appliance and industrial applica- 
tions. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. De- 
pending on the Option Byte, either a quartz crystal, 
a ceramic resonator, an external clock signal or an 
RC network can be connected in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. The oscillator frequency is inter- 
nally divided by 1, 2 or 4 by a software controlled 
divider. The OSCin pin is the input pin, the OSCout 
pin is the output pin. 


RESET. The active low RESET pin is used to re- 
start the microcontroller to the beginning of its pro- 
gram. 
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TEST/Vpp. The TEST must be held at Vss for nor- 
mal operation. If TEST pin is connected to a 
+12.5V level during the reset phase, the EPROM 
programming Mode is entered. 


NMI. The NMI pin provides the capability for asyn- 
chronous interrupt applying an external not mask- 
able interrupt to the MCU. The NMI is falling edge 
sensitive. It is provided with an on-chip pull-up re- 
sistor and Schmitt trigger characteristics. 


When the External STOP Mode Control option is 
enabled, the NMI pin in addition enables a control 
of the way the STOP instruction is processed. 


PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as Timer 1 I/O pin or as analog input for the 
on-chip A/D converter. This pin is available only on 
the ST62E65B and T65B (28 pin version). If pro- 
grammed to be the Timer 1 pin, in input mode it is 
connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the timer pin outputs the 
data bit when a time out occurs. 

To use this pin as Timer 1 output a dedicated bit in 
the TIMER 1 Status/Control Register must be set. 
To use this pin as input pin the I/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTIMout. These pins are 
either Port B I/O bits or the Input and Output pins of 
the Auto-reload Timer. To be used as timer input 
function PB6 has to be programmed as input with 
or without pull-up. A dedicated bit in the AR TIMER 
Mode Control Register sets PB7 as timer output 
function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). PA4-PA7 are not available on ST62E60B 
and T60B (20 pin version). Each line may be con- 
figured under software control as input with or with- 
out internal pull-up resistor, interrupt generating 
input with pull-up resistor, analog input, open-drain 
or push-pull output. 


PBO-PB3, PB4, PB5. These 6 lines are organized 
as one I/O port (B). PB4, PB5 are available only on 
the ST62E65B and T65B (28 pin version). When 
the External STOP Mode Control is disabled, each 
line may be configured under software control as 
input with or without internal pull-up resistor, inter- 
rupt generating input with pull-up resistor, open- 
drain or push-pull output. In output mode these 
lines can also sink 20mA for direct LED and TRIAC 
driving. When the External STOP Mode Control is 
enabled, PBO is forced as open drain output. The 
other lines are unchanged. 
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PCO-PC4. These 5 lines are organized as one |/O 
port (C). PCO and PC1 are not available on 
ST62E60B, T60B (20 pin version). Each line may 
be configured under software control as input with 
or without internal pull-up resistor, interrupt gener- 
ating input with pull-up resistor, analog input for the 
A/D converter, open-drain or push-pull output. 
PC2-PC4 can also be used as respectively Data in, 
Data out and Clock I/O pins for the on-chip SPI to 
carry the synchronous serial I/O signals. 


THE READER IS ASKED TO REFER TO 
THE DATASHEET OF THE ST6260B,65B 
ROM DEVICE FOR FURTHER DETAILS. 


EPROM/OTP DESCRIPTION 


The ST62E60B/E65B are the EPROM versions of 
the ST6260B/65B products. They are intended for 
use during the development of an application and 
for pre-production and small volume production. 
ST62T60B/T65B OTP have the same charac- 
teristics. They all include EPROM memory instead 
of the ROM memory of the corresponding 
ST6260B/65B, and so the program can be easily 
modified by the user with the ST62E6xB EPROM 
programming tools from SGS-THOMSON. 


From a user point of view (with the following excep- 
tions) the ST62E60B/E65B and ST62T60B/T65B 
products have exactly the same software and 
hardware features as the ROM version. An addi- 
tional mode is used to configure the part for pro- 
gramming of the EPROM, this is set by a +12.5V 
voltage applied to the TEST/Vpp pin. The program- 
ming of the ST62E60B, T60B, E65B, T65B is de- 
scribed in the User Manual of the EPROM 
Programming Board. 


The supply operating range is 3.5V to 6.0Von the 
OTP and the EPROM parts. 

On the ROM version, the supply operating range is 
3.0V to 6.0V. 


Other than this exception, the OTP, EPROM and 
ROM parts are fully compatible. This datasheet 
thus provides only information specific to the 
EPROM based devices. 


Note also the Low STOP mode consumption of 
ROM devices can not be emulated on EPROM or 
OTP devices 


ROM Option Emulation 


The ROM mask options that can be selected by the 
user in the ROM devices can be selected on the 
EPROM/OTP devices by an EPROM CODE byte 


( 


‘that can be programmed with the ST62E6xB 
EPROM programming tools available from SGS- 
THOMSON. This EPROM CODE byte is automat- 
ically read, and the selected options enabled, 
when the chip reset is activated. 


The Option byte is written during programming 
either by using the PC menu (PC driven Mode) or 
automatically (stand-alone mode). 


EPROM Programming Mode 


An additional mode is used to configure the part for 
programming of the EPROM, this is set by a 12.5V 
voltage applied to the TEST/Vpp pin. The program- 
ming of the ST62E60B/E65B and ST62T60B/T65B is 
described in the User Manual of the EPROM Program- 
ming board. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E60B/E65B may be erased by exposure to 
Ultra Violet light. 


The erasure characteristic of the ST62E60B/E65B 
is such that erasure begins when the memory is 
exposed to light with a wave lengths shorter than 
approximately 4000A. It should be noted that sun- 
lights and some types of fluorescent lamps have 
wavelengths in the range 3000-4000A. It is thus 
recommended that the window of __ the 
ST62E60B/E65B packages be covered by an 
opaque label to prevent unintentional erasure prob- 
lems when testing the application in such an environ- 
ment. 


The recommended erasure procedure of the 
ST62E60B/E65B EPROM is the exposure to short 
wave ultraviolet light which have a wave-length 
2537A. The integrated dose (i.e. U.V. intensity x 
exposure time) for erasure should be a minimum of 
15W-sec/cm*. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000uW/cm“ power rating. The 
ST62E60B/E65 should be placed within 2.5cm 
(iInch) of the lamp tubes during erasure. 


Table 1. ST62T60B/T65B OTP Memory Map 


. User Program ROM 
0080h-0F9Fh 3856 Bytes 


OFAOh-OFEFh Reserved 
OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh Reserved 


OFFCh-OFFDh 
OFFEh-OFFFh 


NMI Vector 
User Reset Vector 


Note. Reserved Areas should be filled with FFh 


——$__—_————. B99, iscnicroms 


OPTION BYTE 


The Option Byte enables emulation of the mask 
options of the ROM devices. It can only be ac- 
cessed during the programming’ mode. This ac- 
cess is made either automatically (copy from a 
master device) or by selecting the “OPTION BYTE 
PROGRAMMING?” mode of the programmer. The 
option byte is located in a non-user map. No ad- 
dress has to be specified. 


Figure 4. EPROM Code Option Byte 


OPTION BYTE 


[7 [os] aso 


Reserved; write 0 

OSCIL: Oscillator Selection 

DELAY: Power-on Reset Delay 
WDACT: Watchdog Activation Selection 


Reserved; write 0 


- Reserved; write 0 
EXTCNTL: External STOP Mode Control 


PROTECT: Readout Protection 


PROTECT. This bit allows the protection of the 
software contents against piracy. When the bit 
PROTECT is set high, readout of the OTP contents 
is prevented by hardware. No programming equip- 
ment is able to gain access to the user program. 
When this bit is low, the user program can be read. 
This bit emulates the READOUT PROTECTION 
mask option of ROM devices. 
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EXTCNTL. This bit selects the External STOP 
Mode capability. When EXTCNTL is high, pin NMI 
controls if the STOP mode can be accessed when 
the watchdog is active. In addition, PBO is forced 
as open drain output. When EXTCNTL is low, the 
STOP instruction is processed as a WAIT as soon 
as the watchdog is active. This bit emulates the 
EXTERNAL STOP MODE CONTROL of ROM de- 
vices. 


D5-D4. Reserved. Must be cleared to zero. 


WDACT. This bit controls the watchdog activation. 
When it is high, hardware activation is selected. 
The software activation is selected when WDACT 
is low. This bit emulates the WATCHDOG ACTIVA- 
TION mask option of ROM devices. 


DELAY. This bit enables the selection of the delay 
internally generated after pin RESET is released. 
When DELAY is low, the delay is 2048 cycles of 
the oscillator, it is of 32768 cycles when DELAY is 
high. This bit emulates the POWER ON RESET 
DELAY mask option of ROM devices. 


OSCIL. When this bit is low, the oscillator must be 
controlled by a quartz crystal, a ceramic resonator 
or an external frequency. When it is high, the oscil- 
lator must be controlled by an RC network, with 
only the resistor having to be externally provided. 
This bit emulates the OSCILLATOR mask option of 
ROM devices. 


DO. Reserved. Must be cleared to zero. 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings Power Considerations. The average chip-junc- 


This product contains devices to protect the inputs tion temperature, Tj, in Celsius can be obtained 
against damage due to high static voltages, how- —‘ from: 

ever it is advised to take normal precaution to avoid Tj= Ta +PD x RthJA 

application of any voltage higher than maximum Where :Ta = Ambient Temperature. 

rated voltages. 

For proper operation it is recommended that Vand 
Vo must be higher than Vss and smaller Vpp. Reli- 
ability is enhanced if unused inputs are connected PD= Pint + Pport. 


to an appropriated logic voltage level (Vpp or Vss). Pint= = Ipp x Vpp (chip internal power). 
Pport= Port power dissipation 


(determinated by the user). 
Supply Voltage -0.3 to 7.0 


RthJA = Package thermal resistance 
(junction-to ambient). 


+ 


5 
5 


Total Current out of Vss (sink) 
Storage Temperature -60 to 150 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as 
injection current is kept within the specification. 


- (2) The total current through ports A and B combined may not exceed 50 mA. The total current through port C may not exceed 50 mA. 
If the application is designed with care and observing the limits stated above, total current may reach 100 mA. 


THERMAL CHARACTERISTIC 


a 


rin. [we 

ore | | i 
ore | |_| | ow 
ee ee 
woo | | | 


Thermal Resistance 
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ST62E60B,T60B - ST62E65B,T65B 


RECOMMENDED OPERATING CONDITIONS 


6 Suffix Version i 85 


fosc= 4MHz 
fint = 4MHz 


fosc = 8MHz 
anne 8MHz 


Operating Supply Voltage 


EPROM | EPROM Prog. Voltage | Voltage 


a 3.5V = 0 = 
fiNT Internal Frequency Vop = 4.5V 8.0 MHz 


Pin iiecton: eeent (positive) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs) 


Pin igenen dae (negative) 
Digital Input © Vop = 4.5 to 5.5V 
Analog Inputs 


Notes : 


1. Acurrent of +5mAcan be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins. 


2. Ifa total current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the 
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB. 


3. An internal frequency above 1MHz is recommended for reliable A/D results. 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY ( MHz ) 


3.5 4 4.5 
SUPPLY VOLTAGE ( V,, ) VROD1807 


The shaded area is outside the device operating range, device functionality is not guaranteed. 


: Oo 77/86 
ky, Scheer. 
179 


ST62E60B, T60B - ST62E65B,T65B 


RC Oscillator. fosc Frequency versus RNET (Typical Values) 


has seca 


S010 A 
a i 


as 
<] 


a 
ia 
— 
a 
bh. 
= 
|? 
ee = 


%* 3 Volts +4 Volts 5 Volts ~ 6 Volts 
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 


RC Oscillator. fosc Frequency versus RNET (Typical Values) 


Vo» = 5 Volts 
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™ 25- C ™=°85-C 
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed 


R = Kohms 


VRO1935A 
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ST62E60B,T60B - ST62E65B,T65B 


DC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Input Low Level Voltage 
All inputs 


Input High Level 
Voltage 
All inputs 


Hysteresis Voltage “ 
All Inputs 


Low Level Output Vpp=4.5V loL= +1.6mA 
Voltage Vpp=4.5V Io. = +5.0mMA 
Port A, C Vpp=3.0V lot = +0.7mA 


Low Level Output Vop=4.5V loL= +1.6mA 
Voltage Vpp=4.5V lot=+20.0mMA 
Port B Vpp=3.0V lot = +0.7mA 


High Level Output Vpp=4.5V lo. =-1.6mA 
Voltage Vpp=4.5V lo_=-5.0mA 
Port A, B, C Vpp=3.0V lo. = -0.7mA 


Input Pull-up Current 


Input Leakage 
Current(1) 


Supply Current in VrEsET=Vss 
RESET Mode fosc=8MHz 


See camein quien in Vpp=5.0V — finr=8MHz 
See camein Mode # Vpp=3.0V  finr=4MHz 


Supply alia in Vpp=5.0V _ finr=8MHz 
WAIT Mode & Vpp=3.0V  fint=4MHz _ 
Supply oo in ILoan=OmA 
STOP Mode") Vpp=5.0V 

Notes : 


1.Only when pull-ups are not inserted 

2.All peripherals running 

3.EEPROM and A/D Converter in Stand-by 
4.Hysteresis voltage between switching levels 
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ST62E60B,T60B - ST62E65B,T65B 


AC ELECTRICAL CHARACTERISTICS 
Ta = -40 to +85°C unless otherwise specified 


Symbol 


Parameter Test Conditions 


fosc Oscillator Frequency 


« 


t Oscillator Start-up Time Ceramic Resonator | 5 400 
oy at Power On Ci1 = Cle = 22pF 
8MHz Ceramic Resonator 100 
Oscillator STOP mode CL1=C_2=22pF 
i Recovery Time © 8MHz Quartz 
CL1=C,2=22pF 18 ve 
Minimum Pulse Width (Vpp = 5V) 
Twr RESET pin 100 
NMI pin 100 
Ta = 25°C 5 10 
TWEE EEPROM Write Time Ta = 85°C 10 20 
Ta = 125°C 20 30 
300,000 
Endurance } EEPROM WRITE/ERASE Cycle Qa Lor Acceptance cycles 


Output Capacitance All Outputs Pins Ff] to | ope 


Note: 
1. Period for which Vpp has to be connected at OV to allow internal Reset function at next power-up. 
2. See Figure 59. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application. 


Figure 5. Power On Reset 
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| 
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ST62E60B,1T60B - ST62E65B,1T65B 


ELECTRICAL CHARACTERISTICS (Continued) 


CURRENT CONSUMPTION 


IDD Current Versus Supply Voltage 


Typical Values (TA : +85°C) 


WAIT MODE 


RUN MODE 


N 
<= 
= 
© 
N 
<= 
= 
wt 
= 
N 
=: 
x 
N 
oO 


VR01993A 


Note (1) : Using the network described in the Application Note AN673 


Typical Values(Ta : +85°C) 
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STOP MODE 
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ST62E60B,T60B - ST62E65B,T65B 


I/O PORT CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Vpp= 5.0V 
loc= 10yA , All I/O Pins 
lo.= 5mA , Standard I/O 
loc= 10mA , PortB 
loc= 20mA , Port B 


. lon= — 10pA 
High Level Output Voltage lon= — 5MA, Vop= 5.0V 
lon= — 1.5mA, Vop= 3.0V 


Vin= Vpp or Vss 
Input Leakage Current Vpp= 3.0V 


I/O Pins (pull-up resistor off) Vpp= 5.5V 


SPI CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Parameter 


Clock Frequency at SCK 
Data Set up time on Sin 
Data hold time on Sin 


t Delay Transmission started on 
Sin i 


1. Minimum time Ous 
Maximum time 1 instruction cycle 
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3T62E60B,T60B - ST62E65B,T65B 


TIMER1 CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


fin Input Frequency on TIM] Pin"? 


1.Not available for ST6260B 


AR TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


STOP Mode 


Input Frequency on 
ARTIMin pin 


RUN and WAIT Modes 


Pulse Width at 
ARTIMin Pin 


. 1) 
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ST62E60B,T60B - ST62E65B,1T65B 


A/D CONVERTER CHARACTERISTICS 
(Ta= -40 to +85°C unless otherwise specified) 


Value 
Parameter Test Conditions 


co ee ee 


(1) (2) fosc > 1.2MHz 
ATOT Total Accuracy fose > 32kHz 
6? |eomwestntine =i Pe 


Typ. 
70 


Zero Input Reading ee deer result when 


1. Noise at VDD, VSS <10mV 

2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. 

3. Excluding Pad Capacitance. 

4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start. 
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ST62E60B,T60B - ST62E65B,T65B 


PACKAGE MECHANICAL DATA 


Figure 6. 20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width 


| mm | inches 
anes es 
PAT | fst | [0225] 
At |oso} {1.78 [0.020] | 0.070) 
|B |oao| [oss foo] {0.022 
| Bi [127] | 152 }0050| [0.060 
[o foze| [oat foseal foot 


VROC1725 
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ST62E60B,T60B - ST62E65B,T65B 


ORDERING INFORMATION 


ORDERING INFORMATION TABLE 


ST62T60BB6 

ST62T60BM6 OTP 
4K Bytes 

ST62T65BB6 

ST62T65BM6— 


ST62E60BF1 EPROM 
. 4K Bytes 
ST62E65BF1 


Temperature Range Package 
PDIP20 
13 
-40°C to 85°C Roce) 
PDIP28 
21 


PSO28 
CDIP20. 

0°C to 70°C 
CDIP28 
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IST] SGS-THOMSON 


» SDIP42 package (ST6232) 
mu PQFP52 package (ST6235) 


= 8 bit Synchronous Peripheral Interface (SPI) 


» MICROELECTRONICS — ST623x 


8-BIT HCMOS MCUs WITH A/D CONVERTER, 
EEPROM, UART & 16-BIT AUTOQ-RELOAD TIMER 


FUNCTIONAL DESCRIPTION 


3.0 to 6.0V Supply Operating Range 
8 MHz Maximum Clock Frequency 
-40 to +85°C Operating Temperature Range 


Run, Wait & Stop Modes 

5 different interrupt vectors 

Look-up table capability in ROM 

User ROM: 8K bytes 

Data ROM: User selectable size 
(in program ROM) 

Data RAM: 192 bytes 

EEPROM: 128 bytes 


PDIP28, PSO28 package (ST6230) 


Up to 36 fully software programmable 1/O as: 

— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 

Up to 12 I/O lines can sink up to 20mA for direct 
LED or TRIAC driving 


8 bit counter with a 7-bit programmable prescaler 
(TIMER 1) 


16 bit Auto-reload Timer (ARTIM16) 
Digital Watchdog 


8 bit A/D Converter with up to 24 multiplexed 
analog inputs 


8 bit Asynchronous Peripheral Interface (UART) 


On-chip clock oscillator driven by Quartz Crystal 
or Ceramic resonator 

Power-on Reset 

One external not maskable interrupt 

9 powerful addressing modes 

The development tool of the ST623x microcon- 
trollers consists of the ST623x-EMU emulation 
and development system connected via a stand- 
ard RS232 serial line to an MS-DOS Personal 
Computer 


PQFP52 


(Ordering Information at the end of the datasheet) 
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This is a functional description Data from SGS-THOMSON. Details are subject to change without notice. 
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GENERAL DESCRIPTION 


The ST623x microcontrollers are members of the 
8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. All 
ST62xx members are based on a building block 
approach: a common core is surrounded by a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST623x areas follows: 

— the Timer peripheral that includes a 16-bit autore- 
load timer with compare and capture modes 
(ARTIMER16) and an 8-bit counter with a 7-bit 
software programmable prescaler (Timer1) 

— the 8-bit A/D Converter with up to 24 multiplexed 
analog inputs (A/D inputs are alternate functions 
of I/O pins) 


Figure 1. S1T623x Block Diagram 


cS>L_Porra KOT 
ARTIMER 16 


(roar Ki 
[roar K=O» 


ay 


INTERRUPT 


DATA ROM ‘_) 


USER 


SELECTABLE 
USER PROGRAM 
ROM DATA RAM 
DATA EEPROM 


Vpp Veg OSCin OSCout RESET 


=) porte KIT 
Ce 


8 BIT _ Vopp 
A/D CONVERTER [Ty Vous 


— an 8-bit Serial synchronous Peripheral Interface 
(SPI) 

— a Serial Asynchronous Peripheral (UART) 

— a Digital Watchdog (DWD) 


In addition these devices offer 128bytes of 
EEPROM, 192 bytes of RAM and 8K bytes of ROM. 
ST623x are well suited for automotive, home appli- 
ances and industrial applications. The ST62E3x 
EPROM versions are available for prototypes and 
field test; also ST62T3x OTP (One Time Program- 
mable) versions are available. 


PAO/PA1 / 20mA Sink 
PA2/OVF / 20mA Sink 
PA3/PWM / 20mA Sink 
PA4/Ain/CP1 
PAS/Ain/CP2 

PA6G/Ain 

PA7/Ain 


PBO..PB7 / Ain 


PC4..PC7 / Ain 


PDO/Ain 
PD1/Ain/SCL 
PD2/Ain/Sin 
PD3/Ain/Sout 
PD4/Ain/RXD1 
PD5/Ain/TXD1 
PD6..PD7/Ain 


PEO..PE7 / 20mA Sink 


Ain = Analog Input 
VRO01823E 
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Figure 2. ST6230 Pin Configuration 


Vss 

PAO 

PA1 

PA2 / OVF 

PA3 / PWM 

PA4/ Ain/CP1 

PA5 / Ain / CP2 

PD1 / Ain/ SCL 

PD2/ Ain/ Sin 

PD3 / Ain / Sout 

PD4/ Ain / RXD1 

PD5 / Ain/ TXD1 

PD6 / Ain 

PD7 / Ain 
VR01804B 


Vpp 
TIMER 
OSCin 
OSCout 
NMI 
‘Ain / PC7 
Ain / PC6 


Ain / PC5 
Ain / PC4 
Test (1) 

RESET 
Ain / PB6 
Ain / PB5 
Ain / PB4 


Note 1: This pin is also the Vee input for EPROM based devices 


Figure 4. ST6235 Pin Configuration 
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Figure 3. ST6232 Pin Configuration 
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Ain/PD6 CO 
Ain / PD5 / TXD1 
Ain / PD4/ RXD1 LI 


PE4 

PES 

PE2 

PE1 

PEO 
OSCin 
OSCout 
Ain / PC7 
Ain / PC6 
Ain/PC5 
Vssp 
Vopp 
Vgs 

Vpp 
Test") 
RESET 
Ain / PB7 
Ain / PB6 
Ain / PB5 
Ain / PB4 
Ain/ PB3 


[] PA2 / OVF 
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PA2 / OVF 
PA3 / PWM 

PA4 / Ain/ CP1 
PAS / Ain/ CP2 
PAG / Ain 
PA7 / Ain 
TIMER 

NMI 

AVss 

AVop 
PDO / Ain 

PD1 / Ain/ SCL 
PD2 / Ain/ Sin 
PD3 / Ain / Sout 
PD4/ Ain / RXD1 
PD5 / Ain / TXD1 
PD6 / Ain 

PD7 / Ain 
PBO / Ain 
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PD3 / Ain / Sout 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU logic 
(except A/D converter and I/O pins) using these two 
pins. Vpp is power and Vss is the ground connec- 
tion. 


VpDp and Vssp. Power is supplied to the MCU I/Os 
independently from the rest of the chip using these 
two pins. These pins have to be connected to the 
Vpp and Vsgs pins. It is not allowed to leave any of 
these pins unconnected or to apply different poten- 
tials respectively to Vpp/Vppp and Vss/Vssp. 


AVpp and AVss. Power is supplied to the MCU A/D 
converter independently from the rest of the chip 
using these two pins. 


OSCin and OSCout. These pins are internally 
connected .with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins. Also an external 
clock signal can be supplied to OSCin. 


RESET. The active low RESET pin is used to 
restart the microcontroller to the beginning of its 
program. 


TEST. The TEST pin must be held at Vss for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for an 
asynchronous interrupt applying an external not 
maskable interrupt to the MCU. The NMI is falling 
edge sensitive. It is provided with an on-chip pull-up 
resistor and Schmitt trigger characteristics. 

The user can select as Run mask option (see 
option list at the end of the datasheet) the availabil- 
ity of an on-chip pull-up at this pin. On EPROM/OTP 
versions the selection is made by EPROM option. 


PC4/PC7. These 4 lines are organised as one I/O 
port (port C). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull-up 
resistor, analog input open-drain or push-pull output. 


PBO/PB7. These 8 lines are organised as one I/O 
port (port B). Each line may be configured under 


software contro! as input with or without internal 
pull-up resistor, interrupt generating input with pull-up 
resistor, analog input open-drain or push-pull output. 
PDO/PD7. These 8 lines are organised as one I/O 
port (port D). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull- 
up resistor, analog input open-drain or push-pull 
output. In addition, the pins PD5/TXD1 and 
PD4/RXD1 can be used as UART input 
(PD5/TXD1) or UART output (PD4/RXD1). The 
pins PD3/Sout, PD2/Sin and PD1/SCL can also be 
used respectively as data Out, data In and Clock 
pins for the on-chip SPI. 


TIMER. This is the TIMER 1 I/O pin. In input mode, 
it is connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In output mode, the TIMER pin outputs the 
data bit when a time-out occurs. 

The user can select as Run mask option (see 
option list at the end of the datasheet) the availabil- 
ity of an on-chip pull-up at this pin. On EPROM/OTP 
versions the selection is made by EPROM option. 


PAO/PA7. These 8 lines are organized as one |/O 
port (port A). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull- 
up resistor, open-drain or push-pull output. In addi- 
tion, the pins PA5/CP2, PA4/CP1, PA3/PWM, 
PA2/OVF can be used respectively as Compare 
Inputs, PWM output and Overflow output pins for 
the on-chip ARTIMER16. PAO/PA3 can sink 20mA 
in output mode. PA4/PA7 can be configured as 
analog inputs. 


PEO/PE7. These 8 lines are organized as one I/O 
port (PE). Each line may be configured under soft- 
ware control as input with or without internal pull-up 
resistor, interrupt generation input with pull-up re- 
sistor, open-drain or push-pull output. In output 
mode, these lines can also sink 20mA for direct 
LED and TRIAC driving. 


sila {57 S&S:THOMSON 


e MICROELECTRONICS 


196 


MEMORY SPACES 


The MCU operates in three different memory 
spaces: program space, data space, and stack 
space. A description of these spaces is shown in 
the following figures. 


Program Space 


The program space is physically implemented in 
the ROM memory and includes all the instructions 
that are to be executed, as well as the data required 
for the immediate addressing mode instructions, 
the reserved test area and the user vectors. It is 
addressed by the 12-bit Program Counter register 
(PC register) and so the ST62xx core can directly 
address up to 4K bytes of Program Space. Never- 
theless, the Program Space can be extended by 
the addition of 2K byte ROM banks as it is shown 
in the following figure in which the ST623x 8K byte 
memory Is described. 


The ST623x program space can be protected 
against external reading of the ROM contents 
when the READOUT PROTECTION mask option is 
selected. If this option is selected, the user can blow 
a dedicated fuse on the silicon by applying a high 
voltage at Vpp, (see detailed information in the “Elec- 
trical Specification’). 

Note: 


Once the fuse is blown, it is no longer possible, 
even for SGS-THOMSON, to gain access to the 
ROM contents. Returned parts with blown fuse can 
therefore not be accepted. 


ST623x 


Figure 5. ST623x 8K bytes Program Space 
Addressing Description 


ROM SPACE 


Page 1 
Page 0 Static 
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MEMORY SPACES (Continued) 


Data Space 


The instruction set of the ST62xx core operates on 
a specific space, named Data Space, that contains 
all the data necessary for the processing of the 
program. The Data Space allows the addressing of 
RAM and EEPROM memory, ST62xx core/periph- 
eral registers, and read-only data such as con- 
stants and look-up tables. 


Data ROM. All the read-only data is physically im- 
plemented in the ROM memory in which the Program 
Space is also implemented. The ROM memory con- 
tains consequently the program to be executed, the 
constants and the look-up tables needed for the 
program. 


The locations of Data Space in which the different 


constants and look-up tables are addressed by the 
ST62xx core can be considered as being a 64-byte 
window through which itis possible to access to the 
read-only data stored in the ROM memory . 


Data RAM/EEPROM.The ST623x offer 192 bytes 
of data RAM memory and 128 bytes of EEPROM. 
64 bytes of RAM are directly addressed in data 
space in the range 080h-0BFh (static space). The 
additional RAM and EEPROM are addressed using 
the banks of 64 bytes located between addresses 
00h and 3Fh. 


Stack Space 


The stack space consists of six 12 bit registers that 
are used for stacking subroutine and interrupt re- 
turn addresses plus the current program counter 
register. 


Figure 6. ST623x Data Memory Space 


000h 
DATA and EEPROM 03Fh 
DATA ROM WINDOW AREA 


084h 
oBen 
OCOh 
OCih 
OC2h 
OC3h 
OC4h 
OC5h 
OC6h 
OC7h 
OC8h* 
OCh* 
OCAh* 
OCBh* 
OCCh 
OCDh 
OCEh 


OCFh 
ODOh 
ODih 
OD2h 
OD3h | 
OD4h 
OD5h 
OD6h 
OD7h 
OD8h 
OD9h 
ODA 
ODBh 
ODCh* 
ODDh 
ODFh 


TIMT6 COMPARE MASK REGISTER LOWBYTE | 9 
TI6MSKL Oh 


IM16 2ND STATUS CONTROL REGISTER T16SCR2} OE1h 


IMi6 3RD STATUS CONTROL REGISTER T16SCR3| 0 
TIM16 4TH STATUS CONTROL REGISTER T16SCR4} OESh 
IM16 1ST STATUS CONTROL REGISTER T16SCR1| OE8h 


TI6RLCPH 9 
TI6RLCPL 


TIM16 CAPTURE REGISTER HIGH BYTE T16CPH EBh 
TIM16 CAPTURE REGISTER LOW BYTE T16CPL ECh 


T16CMPH 
T16CMPL OEEh 
TI6MSKH OEFh 


RESERVED OFOh 


OFBh 
OFDh 
OFFh 


* WRITE ONLY REGISTER 


3 Jalal o : slegieke 
SF [|e] > 8 SIZ s 


Ojo! 
mola 
Ss |[>|> 


6/22 . 
$$ —_——. Ay, SS ESsss 


198 


INTERRUPTS 


The ST62xx core can manage 4 different maskable 
interrupt sources, plus one non-maskable interrupt 
source (top priority level interrupt). Each source is 
associated with a particular interrupt vector that 
contains a Jump instruction to the related interrupt 
service routine. Each vector is located in the Pro- 
gram Space at a particular address (see Table 4). 
When a source provides an interrupt request, and 
the request processing is also enabled by the 
ST62xx core, then the PC register is loaded with 
the address of the interrupt vector (i.e. of the Jump 
instruction). 

Finally, the PC is loaded with the address of the 
Jump instruction and the interrupt routine is proc- 
essed. 


The ST623x microcontrollers have eleven different 
interrupt sources associated to five interrupt vec- 
tors as it is described in table below. 


Table 1. Interrupt Vector/Source Relationship 


aoe Interrupt vector #4 | (FFOh, FF1h) 


ST623x 


Interrupt Vectors Description 


The ST62xx core includes 5 different interrupt vec- 
tors in order to branch to 5 different interrupt rou- 
tines in the static page of the Program Space. 


— The interrupt vector associated with the non- 
maskable interrupt source and Port C is named 
interrupt vector #0. It is located at addresses 
FFCh,FFDh in the Program Space. This vector is 
associated with the external falling edge sensi- 
tive interrupt pin (NMI). Port C interrupt can be 
programmed by software either in falling or rising 
edge mode according to the code loaded in the 
I/O Interrupt Polarity Register (IPR). 


— The interrupt vector located at addresses FF6h, 
FF7h is named interrupt vector #1. It is associ- 
ated with Port E and Port A pins. It can be 
programmed by software either in the falling or 
rising edge detection mode or in the low level or 
high level sensitive detection mode according to 
the code loaded in the Interrupt Option Register 
(IOR) and in the I/O Interrupt Polarity Register 
(IPR). It is also associated to the SPI cell. 


— The interrupt vector located at addresses FF4h, 
FF5h is named interrupt vector #2. It is associ- 
ated with Port B & D. It can be programmed by 
software either in the falling edge detection mode 
or in the positive edge detection mode according 
to the code loaded in the Interrupt Option Regis- 
ter (IOR) and in the I/O Interrupt Polarity Register 
(IPR). 

— The interrupt vector located at addresses FF2h, 
FF3h is named interrupt vector #3. It is associ- 
ated with the ARTIMER(16 peripheral. 


— The interrrupt vector loaded at address FFOh, 
FF1h is named interrupt vector #4. It is associ- 
ated with the TIMER 1, the A/D converter and the 
UART peripherals. 


All the on-chip peripherals have an interrupt re- 
quest flag bit (TMZ for timer, EOC for A/D). This bit 
is set to one when the device wants to generate an 
interrupt request and a mask bit (ETI for timer, EAI 
for A/D) that must be set to one to allow the transfer 
of the flag bit to the core. 


Interrupt Priority 


The non-maskable interrupt request NMI has the 
highest priority and can interrupt any other interrupt 
routines at any time, nevertheless the four other 
interrupts can not interrupt each other. If more than 
one interrupt request are pending, they are proc- 
essed by the ST62xx core according to their priority 
level: vector #1 has the higher priority while vector 
#4 the lower. 

The priority of each interrupt source is fixed. 


‘S77 SGS-THOMSON | ee 
Sf, MCROELECTROMICS = 


199 


ST623x 


INPUT/OUTPUT PORTS 


The ST623x microcontrollers have up to 36 In- 
put/Output lines that can be individually pro- 
grammed either in the input mode or the output mode 
with the following software selectable options: 


— Input without pull-up and without interrupt 

— Input with pull-up and with interrupt 

— Input with pull-up without interrupt 

— Analog inputs (PA4-PA7, PBO-PB7, PC4-PC7, 
PDO-PD7) 

— Timer 1 1/O line - 

— ARTIMER(16 I/O lines (PA2-PA5) 

— SPI control! signals (PD1-PD3) 

— Push-pull output 

— Standard Open drain output 

— ue Open drain output (PAO-PA3,PE0-PE7) 
ines. 

The lines are organised in five Ports (Port A, B, C, 

D and E). 


Each port occupies 3 registers in the data space. 
Each bit of these registers is associated with a 
particular line (for instance, the bits 0 of the Port A 
Data, Direction and Option registers are associated 
_ with the PAO line of Port A). 


The five DATA registers (DRA, DRB, DRC, DRD 
and DRE) are used to read the voltage level values 
of the lines programmed in the input mode, or to 


Figure 7. I/O Port Block Diagram 
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write the logic value of the signal to be output on 
the lines configured in the output mode. The port 
data registers can be read to get the effective logic 
levels of the pins, but they can be also written by the 
user software, in conjunction with the related option 
registers, to select the different input mode options. 


Single-bit operations on I/O DATA registers are 
possible but care is necessary because reading in 
input mode is done from I/O pins while writing will 
directly affect the Port data register causing an 
undesired change of the input configuration. 


The five Data Direction registers (DDRA, DDRB, 
DDRC, DDRDand DDRE) allow the selection of the 
data direction of each pin (input or output). ~ 


The five Option registers (ORA, ORB, ORC, ORD 
and ORE) are used to select the different port 
options available both in input and in output mode. 


All the I/O registers can be read or written as any 
other RAM location of the data space, so no extra 
RAM cell is needed for port data storing and ma- 
nipulation. During the initialization of the MCU, all the 
/O registers are cleared and the input mode with 
pull-up/no-interrupt is selected on all the pins, thus 
avoiding pin conflicts, if ROM option 7 is reset to 0. 


If ROM option 7 is set to 1 I/O data registers are set 
to FF at reset, selecting input mode without 
pull-up/no interrupt on all the I/O pins. All I/O pins 
will float at high impedance in that state. 
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INPUT/OUTPUT PORTS (Continued) 
Figure 8. Peripheral Interface Configuration of SPI, Timer 1 and ARTIMER16 
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TIMERS 


The ST623x offers two on-chip Timer peripherals 
named Timer 1 and Auto-reload Timer 16. Timer 1 
consists of an 8-bit counter with a 7-bit program- 
mable prescaler, thus giving a maximum count of 
215 and control logic that allows configuring the 
peripheral in three operating modes. The Auto-reload 
Timer is an 16-bit Timer with Auto-reload, Input 
Capture and Output Compare capabilities. 4 
modes are available for PWM, PLL, time measure- 
ment and period measurement. 


Timer 1 


Figure 33 shows the Timer 1 block diagram. An 
external Timer pin is available for the user. The 
content of the 8-bit counter can be read/written in 
the Timer/Counter register TCR1 which is ad- 
dressed in the data space as a RAM location at 
addresses D3h. The state of the 7-bit prescaler is 
read in the PSC1 register at address D2h. The 
control logic device is managed in the TSCR1 
register (addresses D4h) as described in the fol- 
lowing paragraphs. 


The 8-bit counter is decremented by the output 
(rising edge) coming from the 7-bit prescaler and 
can be loaded and read under program control. 
When it decrements to zero then the TMZ (Timer 
Zero) bit in the TSCR1 is set to one. If the ETI 
(Enable Timer Interrupt) bit in the TSCR1 is also 
set to one an interrupt request, associated to 
interrupt vector #4, is generated. The interrupt 
service routine then should poll bit TMZ in TSCR1 
to determine if the interrupt has been generated by 
UART, Timer 1 or by the A/D Converter. The Timer 
1 interrupt can be used to exit the MCU from the 
WAIT mode. 
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The Timer 1 Prescaler input can be the internal 
clock divided by 12 or an external clock at the Timer 
I/O pin. The prescaler decrements on the rising 
edge. Depending on the division factor pro- 
grammed by PS2, PS1 and PSO bits in TSCR1, the 
clock input of the timer/counter register is multi- 
plexed to different sources. On division factor 1, the 
clock input of the prescaler is also that of 
timer/counter; on factor 2, bit 0 of prescaler register 
is connected to the clock input of TCR1. This bit 
changes its state with the half frequency of pres- 
caler clock input. On factor 4, bit 1 of PSC1 is . 
connected to clock input of TCR1, and so on. The 
prescaler initialize bit PSI in the TSCR1 register must 
be set to one to allow the prescaler (and hence the 
counter) to start. If it is cleared to zero then all of the 
prescaler bits are set to one and the counter is 
inhibited from counting. The prescaler can be given 
any value between 0 and 7Fh by writing to addresses 
D2h, if bit PSI in the TSCR1 register is set to one. 
The tap of the prescaler is selected using the 
PS2,PS1,PS0 bits in the control register. Figure 34 
shows the Timer 1 working principle. 


Timer Operating Modes 


There are 3 operating modes of the Timer1 periph- 
eral. They are selected by the bits TOUT and DOUT 
(see TSCR1 register). These three modes corre- 
spond to the two-clock frequencies that can be 
connected on the 7-bit prescaler (fosc/12 or TIMER 
pin signal) and to the output mode. 
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Clock Input Mode (TOUT = “0”, DOUT = “0”). In 
this mode the TIMER pin is an input and the pres- 
caler is decremented on rising edge. The maximum 
input frequency that can be applied to the external 
pin in this mode is 1/8 of the oscillator frequency. 

Gated Mode (TOUT = “1”, DOUT = data out). In 
this mode the prescaler is decremented by the 
Timer clock input (oscillator divided by 12) but 
ONLY when the signal at TIMER pin is held high 
(giving a pulse width measurement potential). This 


Figure 9. Timer 1 Peripheral Block Diagram 
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mode is selected by the TOUT bit in TSCR register 
cleared to "0" (i.e. as input) and DOUT bit set to “1”. 


Output Mode (TOUT = “1”, DOUT = data out). 
The TIMER pin is connected to the DOUT latch. 
Therefore the timer prescaler is clocked by the 
prescaler clock input (fosc/12). 


In clock input mode and gated mode (TOUT = “0") 
a pull-up device is connected to TIMER pin if ROM 
option 3 is set to 0, providing a high level resistance 
at this pin. If ROM option 3 is set to 1 the pull-up is 
off and the TIMER pin is floating at high imped- 
ance. 


DATABUS 8 


STATUS/CONTROL 
REGISTER 
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ARTIMER 16 


The ARTIMER 16is a powerful 16-bit timer module. 
It includes PWM and frequency output modes, with 


versatile capture and compare modes for resolving | 


many timing requirements. Most of the AR- 
TIMER16 modes can run in parallel with minimum 
user overhead. 

All timer registers in the ARTIMER16 are 16-bit, 
and are accessed from the 8-bit internal bus. The 
full 16-bit word is written in two bytes, the high byte 
first and then the low byte. The high byte is stored 
in an intermediate register and is written to the 


Figure 10. ARTIMER16 Block Diagram 
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BUS INTERFACE 


target 16-bit register at the same time as the write 
to the low byte. This high byte will remain constant 
if further writes are made to the low bytes, until the 
high byte is changed. Full Read/Write access is 
available to all registers except where indicated. 


The ARTIMER16 includes four 16-bit registers, four 
8-bit status/control registers and the associated 
control logic. Two outputs provide PWM and Over- 
flow (OVF) output signals each with programmable 
polarity, and two inputs CP1 and CP2 control start- 
up, capture and/or reload operations on the central 
counter. 


CONTROL LOGIC 
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ARTIMER 16 (Continued) 


The central counter is a 16-bit synchronous down 
counter which accepts the buffered Oscillator clock 
through a prescaler with a programmable division 
ratio (1/1, 1/4, 1/16). This counter can be Reloaded 
on an event on the input pins, or on an overflow, 
and its value can be stored into the Capture regis- 
ters on an external event. 

The value in the counter is continuously compared 
to the value programmed into the Compare Regis- 
ter, and when a match is made the PWM output bit 
may be toggled or Set/Reset. When the counter 
value is zero, the OVF overflow output bit can be 
set or toggled and, in PWM mode with Set/Reset, 
the PWM output bit is Reset/Set. 
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The range of the comparison register can be modi- 
fied by using the Mask register which offers the 
Capability to reduce the number of bits used in the 
comparison, thus lowering the period and increas- 
ing the frequency. 


To allow very low power standby operation, and to 
allow a synchronous startup, the clock to the 
counter can be stopped, and the comparisons put 
on hold. This signal (RUNRES) must be active to 
use the ARTIMER16. 


The operational modes of the ARTIMER16 are: 
PWM generation 

Frequency Generation 

Reload Functions 

Capture Functions 
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DIGITAL WATCHDOG 


The digital Watchdog of the ST623x device con- 
sists of a down counter that can be used to provide 
a controlled recovery from a software upset. 


The Watchdog generates a system reset when the 
counter passes OOh. User software can prevent the 
reset by reloading the counter. User software 
should therefore be written in such a way that the 
counter is regularly reloaded as long as the soft- 
ware runs correctly. In the case of software upset 
(e.g. infinite loop or power supply fail), user soft- 
ware should not reload the counter so it will pass 
00h and reset the MCU. 


The Watchdog activation (hardware or software) is 
user selectable by mask option. If the hardware 
option is selected the Watchdog is automatically 
initialised after reset so that this function does not 
need to be activated by the user program. 


The Watchdog uses one data space register 
(DWDR location D8h). The Watchdog register is 
set to FEh on reset and counts down when acti- 
vated. The Watchdog time can be adjusted through 
the value reloaded into the DWDR register. Only 
the 6 MSbits are significant. This gives the possi- 
bility to generate a reset in a time between 3072 to 
196608 clock cycles in 64 possible steps (with a 
clock frequency of 8MHz this means from 384s to 
24.576ms). The reset is prevented if the register is 
reloaded before bits 2-7 decrement from all zeros 
to all ones. 


The actual watchdog behaviour is controlled by two 
mask options: the WATCHDOG ACTIVATION and 
the EXTERNAL STOP MODE CONTROL (see Ta- 
ble 13). 


The WATCHDOG ACTIVATION can be software (it 
is launched by software) or hardware (it automat- 
ically starts counting down after reset). When the 
software activation is, selected, the watchdog can 
be launched by setting to 1 bit 0 of the Digital 
Watchdog Register after bit C of this register has 
been setto 1. Once activated, the watchdog cannot 
be stopped by software: a full external reset is 
mandatory. 


When the EXTERNAL STOP MODE CONTROL is 
disabled, the STOP instruction is inhibited as soon 
as the watchdog is active. A WAIT instruction is 
processed instead and the watchdog continues to 
countdown. When the EXTERNAL STOP MODE 
CONTROL is enabled, the NMI pin allows, in addi- 
tion to the interrupt generation, to control the exe- 


Figure 11. Watchdog Working Principle 
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cution of the STOP instruction. It is inhibited when 
NMI is low (a WAIT instruction is processed in- 
stead). When NMI is high, a STOP instruction 
freezes the watchdog counter before entering the 
STOP mode. When the micro exits from the STOP 
mode (for example, when an NMI interrupt is gen- 
erated), the watchdog resumes activity. 


Note: 


When the software activation is selected and the 
watchdog is not activated, the 7 MSbits of the 
counter can be used to perform timer functions. 
Care must be taken as the Watchdog bits are in 
reverse order. 

Bit 1 of the Watchdog register (set to one at reset) 


can be used to generate a software reset if cleared 
to zero. 
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DIGITAL WATCHDOG (Continued) 
Table 2. Watchdog Activation and External STOP Mode Control 


External Stop 


Disabled . No STOP mode 
| Enabled - No STOP mode 
STOP mode available 


STOP mode available if 
watchdog not active 
STOP mode available 


i STOP mode available if 
Beane watchdog not active 
Software 
Enabled ; 
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8-BIT A/D CONVERTER 


The A/D converter of ST623x devices is an 8-bit 
analog to digital converter with up to 24 analog 
inputs (ST6235) as alternate functions of I/O lines. 
It offers 8-bit resolution with total accuracy +2LSB 


and a typical conversion time of 70ms (clock fre- — 


quency of 8MHz). 


The A/D peripheral converts the input voltage by a 
process of successive approximations using a 
clock frequency derived from the oscillator with a 
division factor of twelve. With an oscillator clock 
frequency less than 1.2MHz, the A/D converter 
accuracy is decreased. 


The selection of the pin signal that has to be 
converted is done by configuring the related I/O line 
as analog input through the I/O ports option and 
data registers (refer to I/O ports description for 
additional information). Only one I/O line must be 
configured as analog input at a time. The user must 
avoid the situation in which more than one I/O pin 
is selected to be analog input to avoid malfunction 
of the ST62xx. 


The ADC uses two registers in the data space: the 
ADC data conversion register which stores the 
conversion result andthe ADC control register used 
to program the ADC functions. 


Aconversion is started by writing a “1” to the Start 
bit (STA) in the ADC control register. This automat- 
ically clears (resets to “O”) the End Of Conversion 
Bit (EOC). When a conversion has been finished 
this EOC bit is automatically set to “1” in order to 
flag that conversion is complete and that the data 
in the ADC data conversion register is valid. Each 
conversion has to be separately initiated by writing 
to the STA bit. 


The STA bit is continually being scanned so that if 
the user sets it to “1” while a previous conversion 
is in progress then a new conversion is started 
before the previous one has been completed.The 
start bit (STA) is a write only bit, any attempt to read 
it will show a logical “O”. 


The A/D converter has a maskable interrupt asso- 
ciated to the end of conversion. This interrupt is 
associated to the interrupt vector #4 and occurs 
when the EOC bit is set, i.e. when a conversion is 
.completed. The interrupt is masked using the EAI 
(interrupt mask) bit in the control register. 


Figure 12. A/D Converter Block Diagram 
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The power consumption of the device can be re- 
duced by turning off the ADC peripheral. That is 
achieved when the PDS bit in the ADC control 
register is cleared to “O”. If PDS="1”, the A/D is 
supplied and enabled for conversion. This bit must 
be set at least one instruction before the beginning 
of the conversion to allow the stabilisation of the 
A/D converter. This action is needed also before 
entering the WAIT instruction as the A/D compara- 
tor is not automatically disabled by the WAIT mode. 


During reset any conversion in progress is stopped, 
the control register is reset to 40h and the A/D 
interrupt is masked (EAI=0). 


Notes: 
The reference voltage inputs of the A/D converter 
cell are connected to separate pins AVpp and AVss 


(ST6232, ST6235). This offers the following fea- 
tures: 


— definition of conversion range independently of the 
controler supply voltage (VsssAVss<AvppSVpp) 


— reduced conversion range for higher accuracy 


reduced noise due to decoupling independent from 
the MCU supply. 
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U.A.R.T. 


The UART (Universal Asynchronous Recei- 
ver/Transmitter) provides the basic hardware for 
asynchronous serial communication which, combi- 
ned with an appropriate software routine, gives a 
serial interface providing communication with com- 
mon baud rates (up to 38,400 Baud with an 8MHz 
external oscillator) and flexible character formats. 


Figure 13. UART Block Diagram 


ST623x 


Operating in Half-Duplex mode only, the UART 
uses 11-bit characters comprising 1 start bit, 9 data 
bits and 1 Stop bit. Parity is supported by software 
only for transmit and for checking the received 
parity bit (bit 9). Transmitted data is sent directly, 
while received data is buffered allowing further data 
characters to be received while the data is being 
read out of the receive buffer register. Data transmit 
has priority over data being received. 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The ST623x SPI is an optimized serial synchronous 
interface that supports a wide range of industry 
standard SPI specifications. The ST623x SPI is con- 
trolled by small and simple user software to perform 
serial data exchange. The serial shift clock can be 
implemented either by software (using the bit-set and 
bit-reset instructions), with the on-chip Timer 1 by 
externally connecting the SPI clock pin to the timer 
ae by directly applying an external clock to the 


The peripheral is composed by an 8-bit Data/shift 
Register (address DDh) and a 4-bit binary counter. 
The SCL, Sin and Sout SPI data and clock signals 
are connected to the PD1, PD2 and PD3 1/O lines. 
With the 3 I/O pins, the SPI can operate in the 
following operating modes: Software SPI, S-BUS, 
I?C-bus and as a standard serial I/O (clock, data, 
enable). An interrupt request can be generated 
after eight clock pulses. Figure 14 shows the SPI 
block diagram. 


The PD1/SCL line clocks, on the falling edge, the 
shift register and the counter. To allow SPI opera- 
tion the PD1/SCL must be programmed as input, 
an external clock supplied to this pin will drive the 
SPI peripheral (slave mode). 


Figure 14. SPI Block Diagram 
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If PD1/SCLis programmed as output, a clock signal 
can be generated by software, setting and resetting 
the port line by software (master mode). 


The SCL clock signal is the shift clock for the SPI 
data/shift register. The PD2/Sin pin is the serial shift 
input and PD3/Sout is the serial shift output. These 
two lines can be tied together to implement two wires 
protocols (I@C-bus, etc). When data is serialized, the 
MSB is the first bit. PD2/Sin has to be programmed 


‘as input. For serial output operation PD3/Sout has to 


be programmed as open-drain output. 


After 8 clock pulses (D7..D0) the output Q4 of the 
4-bit binary counter becomes low, disabling the clock 
from the counter and the data/shift register. Q4 en- 
ables the clock to generate an interrupt on the 8th 
clock falling edge as long as no reset of the counter 
(processor write into the 8-bit data/shift register) 
takes place. After a processor reset the interrupt is 
disabled. The interrupt is active when writing data in 
the shift register (DDh) and desactivated when writ- 
ng any data in the register SPI Interrupt Disable 
ODCh. 
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8-BIT OTP/EPROM HCMOS MCUs WITH 
A/D CONVERTER,EEPROM, UART & 16-BIT AUTO-RELOAD 


= 4.5 to 6.0V Supply Operating Range 

= 8 MHz Maximum Clock Frequency 

m -40 to +85°C Operating Temperature Range 
Run, Wait & Stop Modes 

5 different interrupt vectors 

Look-up table capability in EPROM 

User EPROM: 8K bytes 


= Data EPROM: User selectable size 
(in program EPROM) 


Data RAM: 192 bytes 

EEPROM: 128 bytes 

CDIP28 package (ST62E30) 

CDIP42 package (ST62E32) 

PDIL28, PSO28 package (ST62T30) 

SDIP42 package (ST62T32) 

PQFP52, CQFP52W package (ST62E35, T35) 
Up to 36 fully software programmable I/O as: 

— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 

= Up to 12 I/O lines can sink up to 20mA for direct 
LED or TRIAC driving 

8 bit counter with a 7-bit programmable prescaler 
(TIMER 1) 

= 16 bit Auto-reload Timer (ARTIM16) 

Digital Watchdog 

= 8 bit A/D Converter with up to 24 multiplexed 
analog inputs 

8 bit Asynchronous Peripheral Interface (UART) 
= 8 bit Synchronous Peripheral Interface (SPI) 

= On-chip clock oscillator driven by Quartz Crystal 
or Ceramic resonator 

Power-on Reset 

One external not maskable interrupt 

9 powerful addressing modes 

The development tool of the ST623x microcon- 
trollers consists of the ST623x-EMU emulation 
and development system connected via a stand- 


ard RS232 serial line to an MS-DOS Personal 
Computer 


July 1994 


FUNCTIONAL DESCRIPTION 


PDIP28 


PQFP52 


(Ordering Information at the end of the datasheet) 


EPROM PACKAGES 


CDIP28W 


CQFP52W 


The ST62E3x are the EPROM versions, the 
ST62T3x are the OTP versions. Both are compat- 
ible with the ROM versions. 
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ST623x 


GENERAL DESCRIPTION 


The ST62E3x, T3x microcontrollers are members 
of the 8-bit HCMOS ST62XX family, a series of 
devices oriented to low-medium complexity appli- 
cations. They are the EPROM and OTP versions 
of the ST623x devices. EPROM are suited for 
development. OTP are suited for prototyping, pre- 
series, low to mid volume series and inventory 
optimisation for customers having several applica- 
tions using the same MCU. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST623X ROM DEVICES 
FOR FURTHER DETAILS. 


EPROM/OTP DESCRIPTION 


The ST62E3X are the EPROM version of the 
ST623x products. They can be programmed and 
erased when submitted to Ultra Violet light. The 
ST62T3x use the same die as the EPROM version, 
housed in a plastic package opaque to the UV light. 


From the user point of view (with the following 
exceptions) the ST62E3x and ST62T3x have ex- 
actly the same software and hardware features as 
the ROM versions. An additional mode is used to 
configure the part for programming of the EPROM, 
this is set by a +12.5V voltage applied to the 
TEST/Vpp pin. The programming of the ST62T3x 
is described in the User Manual of the EPROM 
Programming board. 


Discrepancies versus ROM 


The operating voltage range is from 4.5V to 6.0 V 
instead of 3.0V to 6.0V for the ROM device. 
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ROM Option Emulation 


The ROM mask options that can be selected by the 
user in the ROM devices can be selected on the 
EPROM/OTP devices by an EPROM CODE byte 
that can be programmed with the ST62E38x 
EPROM programming tools. This EPROM CODE 
byte is automatically read, and the selected options 
enabled when the chip reset is activated. 


The Option byte is written during programming 
either by using the PC menu (PC driven mode) or 
automatically (stand-alone mode). 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E3x may be erased by the exposure to Ultra 
Violet light. 


The erasure characteristics of the ST62E3x is such 
that erasure begins when the memory is exposed 
to light with a wave lengths shorter than approxi- 
mately 4000A. It is thus recommended that the 
window of the ST62E3x packages be covered by 
an opaque label to prevent unintentional erasure 
problems when testing the application. 


The recommended erasure procedure of the 
ST62E3x is the exposure to short wave ultraviolet 
light which have a wave-length 2537A. The inte- 
grated dose (i.e. U.V. intensity x exposure time) for 
erasure should be a minimum of 15W-sec/cm?. The 
erasure time with this dosage is approximately 15 
to 20 minutes using an ultraviolet lamp with 
12000.W/cm? power rating. The ST62E3x should 
be placed within 2.5cm (1inch) of the lamp tubes 
during erasure. 
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ST623x 


OPTION BYTE 


The Option byte enables emulation of the mask Figure 1. EPROM Code Option Byte 
options of the ROM devices. It can only be ac- 
cessed during the programming mode. This access 
: Tea ae ee (copy from master OPTION BYTE 
evice) or by selecting the “OPTION BYTE PRO- 

GRAMMING’ mode of the programmer. The Option 07|D6|05|4}03|D2|01 p00 
byte is located in a non-user accessible map. No 
address has to be specified. 


DO = OPTION 1 


D1 =OPTION 2 
D2 = OPTION 3 
D3 = OPTION 4 
D4 =OPTION 5 
D5 = OPTION 6 
D6=OPTION7 

D7= OPTION 8 
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ST623x 


AVAILABLE ROM OPTIONS FOR ST623x 


AVAILABLE ROM OPTIONS FOR 
ST623x Output Logic State 


t NM pul 

teen 

0: NMI does not affect STOP instruction if WD is enabled 
1: NMI affects STOP instruction if WD is enabled 
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ST62 OVERVIEWS 


ky, SGS-THOMSON 
YF, iicROELECTROMICS ST6240 


8-BIT HCMOS MCU WITH LCD DRIVER, 
EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 
= 3 to 6V supply operating range 
® 8.4MHz Maximum Clock Frequency 
= -40 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 
= 5 different interrupt vectors 
= Look-up table capability in ROM 


= User ROM: 7948 bytes 
Data RAM: 192 bytes 
LCD RAM: 24 bytes 
EEPROM: 128 bytes PQFP80 


= PQFP80 package 


= 16 fully software programmable I/O as: 
- Input with/without pull-up resistor 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs 
- Analog Inputs (12 pins) 


m 4 1/O lines can sink up to 20mA for direct LED or 
TRIAC driving, and have SPI alternate functions 


= Two 8-bit counters with 7-bit programmable 
prescalers (Timers 1 and 2) 


m Software or hardware activated digital watchdog 
= 8-bit A/D converter with up to 12 analog inputs 


(Ordering Information at the end of the datasheet) 


= 8-bit synchronous Serial Peripheral Interface 
(SPI) 


= LCD driver with 45 segment outputs, 4 back- 
plane outputs and selectable duty cycle for up to 
180 LCD segments direct driving 


a 32kHz oscillator for stand-by LCD operation 
= Power Supply Supervisor (PSS) 

= One external not maskable interrupt 

= 9 powerful addressing modes 


= The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


» The ST62E40 is the EPROM version, ST62T40 
is the OTP version 


= Development tool: ST6240-EMU connected via 
RS232 to an MS-DOS Personal Computer 
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ST6240 


Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout 


ST6240 Pin Description 


OSCout 
OSCin 
WDON 
NMI 
TIMER 
COM4 PB7/Sout 
COM3 
COM2 
COM1 


VLCD1/3 
VLCD2/3 
VLCD 
PA7/Ain 


PB3/Ain 


PB2/Ain 
PB1/Ain 
PBO/Ain 


OSC32out 
OSC32in 


PA6/Ain 
PA5/Ain 
PA4/Ain 
TEST 
PA3/Ain 
PA2/Ain 
PA1/Ain 
PAO/Ain 
Vpp 
Vss 


Note 1: 20mA Sink 
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GENERAL DESCRIPTION 


The ST6240 microconiroller is a member of the 
8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. All 
ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6240 are: a high perform- 
ance LCD controller/driver with 45 segment out- 
puts and 4 backplanes able to drive up to 180 
segments, two Timer peripherals each including an 
8-bit counter with a 7-bit software programmable 


Figure 2. ST6240 Block Diagram 


a me 
A/D CONVERTER 
Test [] TEST 
NMI [| INTERRUPT 


DATA ROM 
USER 
SELECTABLE 


USER PROGRAM 
ROM 
7948 BYTES 


DATA RAM 
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DATA EEPROM 
128 BYTES 


POWER 
SUPPLY OSCILLATOR RESET 
Fe ee ee 


Voo Vsg OSCin OSCout RESET 


8 BIT CORE (—_Y 


Note: 
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SUPERVISOR 

a aa Kis | OSC32in 
(—V| OSCILLATOR = 
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<——) LCDDRIVER | 7 


ST6240 


prescaler (Timer), the digital watchdog (DWD), an 
8-bit A/D Converter with up to 12 analog inputs, a 
Power Supply Supervisor and an 8-bit synchronous 
Serial Peripheral Interface (SPI). In addition these 
devices offer 128 bytes of EEPROM for storage of 
non volatile data. Thanks to these peripherals the 
ST6240 is well suited for general purpose, automo- 
tive, security, appliance and industrial applications. 
The ST62E40 EPROM version is available for pro- 
totypes and low-volume production, an OTP ver- 
sion is also available (see separate datasheet). 


PB4/20mA SINK 
PB5/SCL/20mA SINK 
PB6/Sin/20mA SINK 
PB7/Sout/20mA SINK 


TIMER 1 


WDON 


PSS 


OSC32out 


rT 7) comt-com4 


OE pee le 
VLCD1/3 VLCD2/3 VLCD 


VA000479 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST. The TEST must be held at Vss for normal 
Operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU.This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


TIMER. This is the TIMER 17 1/O pin. In input mode 
it is connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the TIMER pin outputs 
the data bit when a time-out occurs. 


WDON. This pin selects the watchdog enabling 
option (hardware or software). A low level selects 
the hardware activated option (the watchdog is 
always active), a high level selects the software 
activated option (the watchdog can be activated by 
software, deactivated only by reset, thus enabling 
STOP mode). An internal pull-up resistance selects 
the software watchdog option if the WDON pin is 
not connected. 


PAQ-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port A has a 5mA drive 
capability in output mode. 


PBO-PB3,PB4-PB7. These 8 lines are organized 
as one I/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PBO-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These four pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 45 LCD lines allowing up to 180 
segments to be driven. 


S4-S48. These pins are the 45 LCD peripheral 
driver outputs of ST6240. Segments S1-S3 are not 
connected to any pin. 


VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and S4-S48 
pins. 


VLCD1/3, VLCD2/3. Display supply voltage inputs 
for determining the display voltage levels on 
COM1-COM4 and S4-S48 pins during multiplex 
operation. 


PSS. This is the Power Supply Supervisor sensing 
pin. When the voltage applied to this pin is falling 
below a software programmed value the highest 
priority (NMI) interrupt can be generated. This pin 
has to be connected to the voltage to be super- 
vised. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. 
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fq, SGS-THOMSON | ST62E40 
YF, ‘icROELECTROMES ST62T40 


8-BIT OTP/EPROM HCMOS MCUs WITH LCD 
DRIVER,EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 


u 3 to 6V supply operating range 

8 8.4MHz Maximum Clock Frequency 
= Run, Wait & Stop Modes 

= 5 different.interrupt vectors 

= Look-up table capability in EPROM 


un User EPROM: 7948 bytes 
Data RAM: 192 bytes 
LCD RAM: 24 bytes 
EEPROM: 128 bytes 


=m PQFP80 and CQFP80-W packages 


= 16 fully software programmable I/O as: 
- Input with/without pull-up resistor 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs 
- Analog Inputs (12 pins) 


a 4 1/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


= Two 8-bit counters and -7-bit programmable . 
prescalers (Timer 1 and 2) 


= Software or hardware activated digital watchdog , LOrrecw 
= 8-bit A/D converter with up to 12 analog inputs 


= 8-bit synchronous serial peripheral interface 


(SP 


= LCD driver with 45 segment outputs, 4 backplane 
outputs and selectable duty cycle for up to 180 
LCD segments direct driving 


(Ordering Information at the end of the datasheet) 


= 32kHz oscillator for stand-by LCD operation 
=m Power Supply Supervisor (PSS) 

= One external not maskable interrupt 

= 9 powerful addressing modes | 


= The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


m The ST62E40 is the EPROM version, ST62T40 
is the OTP version, fully compatible with ST6240 
ROM version. 


December 1993 : 67/79 


This is Preliminary data from SGS-THOMSON, details are subject to change without notice. 204 


ST62E40 - ST62T40 


Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout 


VROA1649 


PB7/Sout 
PB6/Sin 
PB5/SCL 
PB4 
PB3/Ain 
PB2/Ain 
PB1/Ain 

PA7/Ain PBO/Ain 

PA6G/Ain OSC32out 

PA5/Ain OSC32in 

PA4/Ain 

TEST/Vpp 

PA3/Ain 

PA2/Ain 

PA1/Ain 

PAO/Ain 

Vpp 

Vss 


Note 1: 20mA Sink 


68/79 E Oo 
——$__—_——— fyj, SGs:THOMsON 
222 


GENERAL DESCRIPTION 


The ST62E40,T40 microcontrollers are members 
of the 8-bit HCMOS ST62xx family, a series of 
devices oriented to low-medium complexity appli- 
cations. They are the EPROM/OTP versions of the 
ST6240 ROM device and are suitable for product 
prototyping and low volume production. All ST62xx 
members are based on a building block approach: 
a common core is associated with a combination 
of on-chip peripherals (macrocells). The macro- 
cells of the ST6240 family are: a high performance 
LCD controller/driver with 45 segment outputs and 
4 backplanes able to drive up to 180 segments, two 


Figure 2. ST62E40 Block Diagram 
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Timer peripherals each including an 8-bit counter 
with a 7-bit software programmable prescaler 
(Timer), the digital watchdog timer (DWD), an 8-bit 
A/D Converter with up to 12 analog inputs, a Power 
Supply Supervisor and an 8-bit synchronous Serial 
Peripheral Interface (SPI). In addition these devices 
offer 128 bytes of EEPROM for storage of non 
volatile data. Thanks to these peripherals the 
S1T6240 family is well suited for general purpose, 
automotive, security, appliance and industrial ap- 
plications. 


PORTA 


vey 


PAO-PA7/Ain 


PBO-PB3/Ain 
PB4/20mA SINK 
PB5/SCL/20mA SINK 
PB6/Sin/20mA SINK 
PB7/Sout/20mA SINK 


SERIAL PERIPHERAL 
INTERFACE ( SPI) 
TIMER 1 
TIMER 2 


DIGITAL a 
WATCHDOG/TIMER 
POWER SUPPLY 


—/ 


SUPERVISOR [J PSs 
oie r] oscsain 
(| — oScILLATOR EE 


OSC32out 


$4-S48 (segments) 
tes 
yl 


COM1-COM4 


fel VA00C479 


VLCD1/3 VLCD2/3 VLCD 


69/79 


e MICROELECTRONICS 


223 


3162E40 - ST62T40 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST/Vpp. The TEST must be held at Vss for 
normal operation (an internal pull-down resistor 
selects normal operating mode if TEST pin is not 
connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU.This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


TIMER. This is the TIMER 1 1/O pin. In input mode 
itis connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the TIMER pin outputs 
the data bit when a time-out occurs. 


WDON. This pin selects the watchdog enabling 
option (hardware or software). A low level selects 
the hardware activated option (the watchdog is 
always active), a high level selects the software 
activated option (the watchdog can be activated by 
software, deactivated only by reset, thus enabling 
STOP mode). An internal pull-up resistance selects 
the software watchdog option if the WDON pin is 
not connected. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port Ahas a 5mA drive 
capability in output mode. 
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PBO-PB3,PB4-PB7. These 8 lines are organized 
as one |/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PBO-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These four pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 45 LCD lines allowing up to 180 
segments to be driven. 


S$4-S48. These pins are the 45 LCD peripheral 
driver outputs of ST6240. Segments S1-S3 are not 
connected to any pin. 


VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and S4-S48 
pins. 


VLCD1/3, VLCD2/3. Display supply voltage inputs 
for determining the display voltage levels on 
COM1-COM4 and S4-S48 pins during multiplex 
operation. 


PSS. This is the Power Supply Supervisor sensing 
pin. When the voltage: applied to this pin is falling 
below a software programmed value the highest 
priority (NMI) interrupt can be generated. This pin 
has to be connected to the voltage to be super- 
vised. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. 
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ST62E40,T40 EPROM/OTP DESCRIPTION 


The ST62E40 is the EPROM version of the ST6240 
ROM product. It is intended for use during the 
development of an application, and for pre-produc- 
tion and small volume production. The ST62T40 
OTP has the same characteristics. Both include 
EPROM memory instead of the ROM memory of 
the ST6240, and so the program and constants of 
the program can be easily modified by the user with 
the ST62E40 EPROM programming board from 
SGS-THOMSON. 


From a user point of view (with the following excep- 
tion) the ST62E40,T40 products have exactly the 
same software and hardware features of the ROM 
version. An additional mode is used to configure 
the part for programming of the EPROM, this is set 
by a +12.5V voltage applied to the TEST/Vpp pin. 
The programming of the ST62E40,T40 is de- 
scribed in the User Manual of the EPROM Pro- 
gramming board. 


On the ST62E40, all the 8192 bytes of PROGRAM 
memory are available for the user, as all the 
EPROM memory can be erased by exposure to UV 
light. On the ST62T40 (OTP) device) a reserved 
area for test purposes exists, as for the ST6240 
ROM device. In order to avoid any discrepancy 
between program functionality when using the 
EPROM, OTP and ROM it is recommended not to 
use these reserved areas, even when using the 
ST62E40. 


Other than this exception, the ST62E40,T40 parts 
are fully compatible with the ROM ST6240 equiva- 
lent, this datasheet thus provides only information 
specific to the EPROM based devices. 
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THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6240 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E40 may be erased by exposure to Ultra 
Violet light. 

The erasure characteristic of the ST62E40 EPROM 
is such that erasure begins when the memory is 


exposed to light with wave lengths shorter than 


approximately 4000A. It should be noted that sun- 
light and some types of fluorescent lamps have 


_ wavelengths in the range 3000-4000A. It is thus 


recommended that the window of the ST62E40 
package be covered by an opaque label to prevent 
unintentional erasure problems when testing the 
application in such an environment. 

The recommended érasure procedure of the 
ST62E40 EPROM is exposure to short wave ultra- 
violet light which has wavelength 2537A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000.W/cm? power rating. The ST62E40 should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during erasure. 
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‘TI SGS-THOMSON 
IF. MICROELECTRONICS ST6242 


8-BIT HOMOS MCU WITH LCD DRIVER, 
AND A/D CONVERTER 


PRELIMINARY DATA 


= 3 to 6V supply operating range 

= 8.4MHz Maximum Clock Frequency 

= -40 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 


5 different interrupt vectors 


Look-up table capability in ROM 


= User ROM: 7948 bytes 
Data RAM: 128 bytes PQFP64 
LCD RAM: 24 bytes 


« PQFP64 package 


10 fully software programmable |/O as: (Ordering Information at the end of the datasheet) 
- Input with/without pull-up resistor 
- Input with interrupt generation 

- Open-Drain or Push-pull outputs 
- Analog Inputs (6 pins) 


» 41/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


8-bit counter with 7-bit programmable prescaler 
= Software activated digital watchdog 


= 8-bit A/D converter with up to 6 analog inputs 


8-bit synchronous Serial Peripheral Interface 
(SPI) 


LCD driver with 40 segment outputs, 4 back- 
plane outputs and selectable duty cycle for up to 
160 LCD segments direct driving 


= One external not maskable interrupt 


= 9 powerful addressing modes 


The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM.locations. 


The ST62E42 is the EPROM version, ST62T 42 
is the OTP version 


= Development tool: ST6242-EMU connected via 
- RS232 to an MS-DOS Personal Computer 
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Figure 3. 64 Pin Quad Flat Pack (QFP) Package Pinout 
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ST6242 Pin Description 


Pin : 
number: 
49 


PB7/Sout ") 


PB6/Sin =") 
PB5/SCL 
PB4 (1) 
PB3/Ain 


VLCD2/3 
VLCD 
PA7/Ain 
PA6/Ain 
PA5/Ain 
PA4/Ain 
TEST/Vpp 


Note 1: 20mA SINK 
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GENERAL DESCRIPTION 


The ST6242 microcontroller is a member of the 
8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. All 
ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 


The macrocells of the ST6242 are: a high perform- : 


ance LCD controller/driver with 40 segment out- 
puts and 4 backplanes able to drive up to 160 
segments. A Timer peripheral including an 8-bit 
counter with a 7-bit software programmable pres- 


Figure 4. ST6242 Block Diagram 
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caler (Timer), the digital watchdog timer (DWD), an 
8-bit A/D Converter with up to 6 analog inputs, a 
Power Supply Supervisor and an 8-bit synchronous 
Serial Peripheral Interface (SPI). Thanks to these 
peripherals the ST6242 is well suited for general 
purpose, automotive, security, appliance and in- 
dustrial applications. The ST62E42 EPROM ver- 
sion is available for prototypes and low-volume 
production, an OTP version is also available (see 
separate datasheet). 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pinis used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST. The TEST must be held at Vss for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU.This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


PA4-PA7. These 4 lines are organized as one !/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port Ahas a 5mA drive 
capability in output mode. 


PBO-PB3,PB4-PB7. These 6 lines are organized 
as one I/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PB2-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These 4 pins are the LCD peripheral 
common outputs. They are the outputs of the on- 
chip backplane voltage generator which is used for 
multiplexing the 40 LCD lines allowing up to 160 
segments to be driven. 

$9-S48. These pins are the 40 LCD peripheral 
driver outputs of ST6242. Segments S1-S8 are not 
connected to any pin. 

VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and S9-S48 
pins. 

VLCD1/3, VLCD2/3. Resistor network nodes for 
determining the intermediate display voltage levels 
on COM1-COM4 and S9-S48 pins during multiplex 
operation. 
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8-BIT OTP/ERPROM HCMOS MCUs 
WITH LCD DRIVER, AND A/D CONVERTER 


PRELIMINARY DATA 
= 3 to 6V supply operating range 
= 8.4MHz Maximum Clock Frequency 
= Run, Wait & Stop Modes 
= 5 different interrupt vectors 


a Look-up table capability in EPROM 


a User EPROM: 7948 bytes 
Data RAM: 128 bytes 
LCD RAM: 24 bytes 


PQFP64 
ms PQFP64 and CQFP64-W packages 


= 10 fully software programmable I/O as: 
- Input with/without pull-up resistor 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs 
- Analog Inputs (6 pins) 


m 4 I/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


= 8-bit counters and 7-bit programmable prescal- 
ers 


CQFP64-W 


= Software activated digital watchdog 


= 8-bit A/D converter with up to 6 analog inputs 


= 8-bit synchronous serial ‘peripheral interface : (Ordering Information at the end of the datasheet) 
(SPI) 


=» LCD driver with 40 segment outputs, 4 backplane 
outputs and selectable duty cycle for up to 160 
LCD segments direct driving 


™ One external not maskable interrupt 
= 9 powerful addressing modes 


= The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


= The ST62E42 is the EPROM version, ST62T42 
is the OTP version, fully compatible with ST6242 
ROM version. 
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Figure 1.Pin Quad Flat Pack (QFP) Package Pinout 
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ST62E42/T42 Pin Description 
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GENERAL DESCRIPTION 


The ST62E42,T42 microcontrollers are members 
of the 8-bit HCMOS ST62xx family, a series of 
devices oriented to low-medium complexity appli- 
cations. They are the EPROM/OTP versions of the 
ST6242 ROM device and are suitable for product 
prototyping and low volume production. All ST62xx 
members are based on a building block approach: 
a common core is associated with a combination 
of on-chip peripherals (macrocells). The macro- 
cells of the ST6242 family are: a high performance 
LCD controller/driver with 40 segment outputs and 


Figure 2. ST62E42 Block Diagram 
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4 backplanes able to drive up to 160 segments, a 
Timer peripheral including an 8-bit counter with a 
7-bit software programmable prescaler, a digital 
watchdog timer (DWD), an 8-bit A/D Converter with 
up to 6 analog inputs and an 8-bit synchronous 


. Serial Peripheral Interface (SPI). Thanks to these 


peripherals the ST6242 family is well suited for gen- 
eral purpose, automotive, security, appliance and 
industrial applications. 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the ST62E42 
using these two pins. Vpp is power and Vsgs is the 
ground connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 


quartz crystal or a ceramic resonator can be con- ~ 


nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 


is the output pin. An external clock signal can be . 


applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST/Vpp. The TEST pin is used to place the MCU 
into special operating mode. TEST must be held at 
Vss for normal operation (an internal pull-down 
resistor is present to select normal operating mode 
if TEST pin is not connected). If this pin is con- 
nected to a +12.5V level during the reset phase, 
the EPROM programming mode is entered. 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the ST62E42. This pin is falling edge sensitive. 
The NMI pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


PA4-PA7. These 4 lines are organized as one I/O 


port (A). Each line may be configured under soft- . 


ware contro! as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port Ahas a 5mA drive 
capability in output mode. 


PB2-PB3,PB4-PB7. These 6 lines are organized 
as one I/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PB2-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These four pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 40 LCD lines allowing up to 160 
segments to be driven. 

S9-S48. These pins are the 40 LCD peripheral 
driver outputs of ST62E42. Segments S1-S8 are 
not connected to any pin. 

VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and S9-S48 
pins. 

VLCD1/3, VLCD2/3. Display supply voltage inputs 
for determining the display voltage levels on 
COM1-COM4 and S9-S48 pins during multiplex 
operation. 
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ST62E42,T42 EPROM/OTP DESCRIPTION 


The ST62E42 is the EPROM version of the ST6242 
ROM product. It is intended for use during the 
development of an application, and for pre-produc- 
tion and small volume production. The ST62T42 
OTP has the same characteristics. Both include 
EPROM memory instead of the ROM memory of 
the ST6242, and so the program and constants of 
the program can be easily modified by the user with 
the ST62E42 EPROM programming board from 
SGS-THOMSON. 


From a user point of view (with the following excep- 
tion) the ST62E42,T42 products have exactly the 
same software and hardware features of the ROM 
version. An additional mode is used to configure 
the part for programming of the EPROM, this is set 
by a +12.5V voltage applied to the TEST/Vpp pin. 
The programming of the ST62E42,T42 is de- 
scribed in the User Manual of the EPROM Pro- 
gramming board. 


On the ST62E42, all the 8192 bytes of PROGRAM 
memory are available for the user, as all the 
EPROM memory can be erased by exposure to UV 
light. On the ST62T42 (OTP) device) a reserved 
area for test purposes exists, as for the ST6242 
ROM device. In order to avoid any discrepancy 
between program functionality when using the 
EPROM, OTP and ROM it is recommended not to 
use these reserved areas, even when using the 
ST62E42. 


Notes on programming: | 


In order to emulate exactly the ST6242 features 
with the ST62E42 and ST6242, some software 
precautions have to be taken: 


1. Data RAM: The data entered in the Data RAM 
bank register (CBh) must be 08h. 


2. |/O: To prevent floating input or uncontrolled I/O 
interrrupt on the EPROM/OTP devices, the port bits 
PAO-PA3, PBO, PB1 must be programmed as push- 
pull outputs. 


3. Timer: The bit “TOUT” of the Timer status control 
register (D4h) must be set “1” (timer in output 
mode). 


4. Data Memory Space: Write 40h at the address 
DFh of the Data Memory Space (desabled EE). 


5. When programming for the EPROM/OTP parts, 
itis suggested that the conditional assembly tech- 
nique is used for controlling the I/O ports in order 
to disable the appropriate code for the ROM device. 


6. Do not access data space locations D5h, D6h, 
D7h, DAh, DBh. 


ST62E42 - ST62T42 


Other than this exception, the ST62E42,T42 parts 
are fully compatible with the ROM ST6242 equiva- 
lent, this datasheet thus provides only information 
specific to the EPROM based devices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6242 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E42 may be erased by exposure to Ultra 
Violet light. 


The erasure characteristic of the ST62E42 EPROM 
is such that erasure begins when the memory is 
exposed to light with wave lengths shorter than 
approximately 4000A. It should be noted that sun- 
light and some types of fluorescent lamps have 
wavelengths in the range 3000-4000A. It is thus 
recommended that the window of the ST62E42 
package be covered by an opaque label to prevent 
unintentional erasure problems when testing the 
application in such an environment. 

The recommended erasure procedure of the 
ST62E42 EPROM is exposure to short wave ultra- 
violet light which has wavelength 2537A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000L.W/cm? power rating. The ST62E42 should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during erasure. 
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8-BIT HOMOS MCU WITH LCD DRIVER, 
| EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 


= 3 to 6V supply operating range 

= 8.4MHz Maximum Clock Frequency 

= -40 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 

= 5 different interrupt vectors 

= Look-up table capability in ROM 


a User ROM: 3884 bytes 
Data RAM: 128 bytes 
LCD RAM: 12 bytes 
EEPROM: 64 bytes PQFP52 


= PQFP52 package 


# 11 fully software programmable I/O as: 
- Input with/without pull-up resistor (Ordering Information at the end of the datasheet) 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs 
- Analog Inputs (7 pins) 


= 4 1/O lines can sink up to 20mA for direct LED or 
TRIAC driving, and have SPI alternate functions 


= Two 8-bit counters with 7-bit programmable 
prescalers (Timers 1 and 2) 


= Software activated digital watchdog 
= 8-bit A/D converter with up to 7 analog inputs 


= 8-bit synchronous Serial Peripheral Interface 
(SPI) 


= LCD driver with 24 segment outputs, 4 back- 
plane outputs and selectable duty cycle for up to 
96 LCD segments direct driving 


= 32kHz oscillator for stand-by LCD operation 
= One external not maskable interrupt 
= 9 powerful addressing modes 


= The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


=» The ST62E45 is the EPROM version, ST62T45 
is the OTP version 


= Development tool: ST6245-EMU connected via 
RS232 to an MS-DOS Personal Computer 
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ST6245 


Figure 4. 52 Pin Quad Flat Pack (QFP) Package Pinout 
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ST6245 Pin Description 
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GENERAL DESCRIPTION 


The ST6245 microcontroller is a member of the 
8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. All 
ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6245 are: a high perform- 
ance LCD controller/driver with 24 segment out- 
puts and 4 backplanes able to drive up to 96 
segments, two Timer peripherals each including an 
8-bit counter with a 7-bit software programmable 


Figure 5. ST6245 Block Diagram 
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prescaler (Timer), the digital watchdog (DWD), an 
8-bit A/D Converter with up to 7 analog inputs and 
an 8-bit synchronous Serial Peripheral Interface 
(SPI). In addition these devices offer 64 bytes of 
EEPROM for storage of non volatile data. Thanks 
to these peripherals the ST6245 is well suited for 
general purpose, automotive, security, appliance 
and industrial applications. The ST62E45 EPROM 
version is available for prototypes and low-volume 
production, an OTP version is also available (see 
separate datasheet). 
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ST6245 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pinis used to restart 
the microcontroller at the beginning of its program. 
The RESET pin ts provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST. The TEST must be held at Vss for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU.This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


TIMER. This is the TIMER 1 I/O pin. In input mode 
itis connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the TIMER pin outputs 
the data bit when a time-out occurs. 


PA5-PA7. These 3 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port Ahas a 5mA drive 
capability in output mode. 


PBO-PB3,PB4-PB7. These 8 lines are organized 
as one 4/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PBO-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These four pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 24 LCD lines allowing up to 96 
segments to be driven. 


$17-S40. These pins are the 24 LCD peripheral 
driver outputs of ST6245. Segments S1-S16 and 
$41-S48 are not connected to any pin. 


VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and $1-S24 
pins. 

VLCD1/3, VLCD2/3. Display supply voltage inputs 
for determining the display voltage levels on 
COM1-COM4 and S1-S24 pins during multiplex 
operation. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. 
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8-BIT OTP/ERPROM HCMOS MCUs 
WITH LCD DRIVER,EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 


= 3 to 6V supply operating range 

= 8.4MHz Maximum Clock Frequency 
= Run, Wait & Stop Modes 

= 5 different interrupt vectors 


= Look-up table capability in EPROM 


=u User EPROM: 3884 bytes 
Data RAM: 128 bytes 
LCD RAM: 12 bytes 
EEPROM: © 64 bytes PQFP52 


= PQFP52 and CQFP52-W packages 


= 11 fully software programmable I/O as: 
- Input with/without pull-up resistor 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs 
- Analog Inputs (7 pins) 


= 4 1|/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


= Two 8-bit counters and /7-bit programmable 
prescalers (Timers 1 and 2) Benno) 
= Software activated digital watchdog 


= 8-bit A/D converter with up to 7 analog inputs 


= 8-bit synchronous serial peripheral interface 
(SPI) 


= LCD driver with 24 segment outputs, 4 backplane 
outputs and selectable duty cycle for up to 96 
LCD segments direct driving 


(Ordering Information at the end of the datasheet) 


m 32kHz oscillator for stand-by LCD operation 
= One external not maskable interrupt 
= 9 powerful addressing modes 


= The accumulator, the X, Y, V & W registers, the 
port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


= The ST62E45 is the EPROM version, ST62T45 
is the OTP version, fully compatible with ST6245 
ROM version. 
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Figure 1. 52 Pin Quad Flat Pack (QFP) Package Pinout 
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ST62E45/T45 Pin Description 
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GENERAL DESCRIPTION 


The ST62E45,T45 microcontrollers are members 
of the 8-bit HCMOS ST62xx family, a series of 
devices oriented to low-medium complexity appli- 
cations. They are the EPROM/OTP versions of the 
ST6245 ROM device and are suitable for product 
prototyping and low volume production. All ST62xx 
members are based on a building block approach: 
a common core is associated with a combination 
of on-chip peripherals (macrocells). The macro- 
cells of the ST6245 family are: a high performance 
LCD controller/driver with 24 segment outputs and 


Figure 2. ST62E45 Block Diagram 
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4 backplanes able to drive up to 96 segments, two 
Timer peripherals each including an 8-bit counter 
with a 7-bit software programmable prescaler 
(Timer), the digital watchdog timer (DWD), an 8-bit 
A/D Converter with up to 7 analog inputs and an 
8-bit synchronous Serial Peripheral Interface (SPI). 
In addition these devices offer 64 bytes of EEPROM . 
for storage of non volatile data. Thanks to these 
peripherals the ST6245 family is well suited for 
general purpose, automotive, security, appliance 
and industrial applications. 
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ST62E45 - ST62T45 


PIN DESCRIPTION | 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST/Vpp. The TEST must be held at Vss for 
normal operation (an internal pull-down resistor 
selects normal operating mode if TEST pin is not 
connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU.This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


TIMER. This is the TIMER 1 I/O pin. In input mode 
itis connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the TIMER pin outputs 
the data bit when a time-out occurs. 


PA5-PA7. These 3 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without pull-up 
resistor, interrupt generating input with pull-up re- 
sistor, open-drain or push-pull output or as analog 
input for the A/D converter. Port Ahas a 5mA drive 
capability in output mode. 
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PBO-PB3,PB4-PB7. These 8 lines are organized 
as one |/O port (B). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. PBO-PB3 can be programmed as analog in- 
puts for the A/D converter while PB4-PB7 can also 
sink 20mA for direct LED driving. PB5-PB7 can also 
be used as respectively Clock, Data in and Data 
out pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


COM1-COM4. These four pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 24 LCD lines allowing up to 96 
segments to be driven. 


$17-S40. These pins are the 24 LCD peripheral 
driver outputs of ST62E45. Segments S1-S16 and 
$41-S48 are not connected to any pin. 


VLCD. Display voltage supply. It determines the 
high voltage level on COM1-COM4 and S1-S24 
pins. 


VLCD1/3, VLCD2/3. Display supply voltage inputs 
for determining the display voltage levels on 
COM1-COM4 and S$1-S24 pins during multiplex 
operation. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. 
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ST62E45,T45 EPROM/OTP DESCRIPTION 


- The ST62E45 is the EPROM version of the ST6245 
ROM product. It is intended for use during the 
development of an application, and for pre-produc- 
tion and small volume production. The ST62T45 
OTP has the same characteristics. Both include 
EPROM memory instead of the ROM memory of 
the ST6245, and so the program and constants of 
the program can be easily modified by the user with 
the ST62E45 EPROM programming board from 
SGS-THOMSON. 


From a user point of view (with the following excep- 
tion) the ST62E45,T45 products have exactly the 
same software and hardware features of the ROM 
version. An additional mode is used to configure 
the part for programming of the EPROM, this is set 
by a +12.5V voltage applied to the TEST/Vpp pin. 
The programming of the ST62E45,T45 is de- 
scribed in the User Manual of the EPROM Pro- 
gramming board. 


On the ST62E45, all the 3884 bytes of PROGRAM 
memory are available for the user, as all the 
EPROM memory can be erased by exposure to UV 
light. On the ST62T45 (OTP) device) a reserved 
area for test purposes exists, as for the ST6245 
ROM device. In order to avoid any discrepancy 
between program functionality when using the 
EPROM, OTP and ROM it is recommended not to 
use these reserved areas, even when using the 
ST62E45. 


Notes on programming: 


In order to emulate exactly the ST6245 features 
with the ST62E45 and ST6245, some software 
precautions have to be taken: 


1. I/O: To prevent floating input or uncontrolled I/O 
interrrupt on the EPROM/OTP devices, the port bits 
PAO-PA4 must be programmed as push-pull out- 
puts. 


2. When programming for the EPROM/OTP parts, 
it is suggested that the conditional assembly tech- 
nique is used for controlling the I/O ports in order 
to disable the appropriate code for the ROM device. 


3. Do not access data space locations CAh, DAh . 
Other than this exception, the ST62E45,T45 parts 
are fully compatible with the ROM ST6245 equiva- 


lent, this datasheet thus provides only information 
specific to the EPROM based devices. 
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THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6240 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E45 may be erased by exposure to Ultra 
Violet light. 


The erasure characteristic of the ST62E45 EPROM 
is such that erasure begins when the memory is 
exposed to light with wave lengths shorter than 
approximately 4000A. It should be noted that sun- 
light and some types of fluorescent lamps have 
wavelengths in the range 3000-4000A. It is thus 
recommended that the window of the ST62E45 
package be covered by an opaque label to prevent 
unintentional erasure problems when testing the 
application in such an environment. 

The recommended erasure procedure of the 
ST62E45 EPROM is exposure to short wave ultra- 
violet light which has wavelength 2537A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000W/cm? power rating. The ST62E45 should 
be placed within 2.5 cm (1 inch)-of the lamp tubes 
during erasure. 
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8-BIT HOMOS MCU WITH DOT MATRIX LCD DRIVER 
~-EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 


u 4.5 to 6V supply operating range 
a 8.4 MHz Maximum Clock Frequency 
-40 to +85°C Operating Temperature Range 


a Run, Wait & Stop Modes 
a 5 different interrupt vectors 
u Look-up table capability in ROM 
= User ROM: 7948 bytes 
Data RAM: 192 bytes 
LCD RAM: 128 bytes 
EEPROM: 128 bytes POFP100 
=» PQFP100 package 


m 12 fully software programmable I/O as: 
- Input with/without pull-up resistor 
- Input with interrupt generation 
- Open-Drain or Push-pull outputs (Ordering information at the end of the datasheet) 
- Analog Inputs 
= 101/Olines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 
a One 8-bit counter with 7-bit programmable pres- 
caler (Timer 1) 
One 8-bit auto-reload timer with 7-bit program- 
mable prescaler (ARTimer) 


a Software activated digital watchdog 
u 8-bit A/D converter with up to 12 analog inputs 


a 8-bit synchronous serial peripheral interface 
(SPI) 

a LCD driver controller with 48 segments outputs, 

8 backplane and 8 software selectable seg- 

ment/backplane outputs able to drive up to 

48x16 (768) or 56x8 (448) segments. 

32kHz oscillator for stand-by LCD operation 

One external not maskable interrupt 

9 powerful addréssing modes 

The accumulator, the X, Y, V & W registers, the 

port and peripherals data & control registers are 

addressed in the data space as RAM locations. 

The ST62E80 is the EPROM version, ST62T80 

is the OTP version ' 

=u Development tool: ST628x-EMU connected via 


a standard RS232 to an MS-DOS Personal 
Computer 
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Figure 1.100 Pin Quad Flat Pack (QFP) Package Pinout 


ST6280 Pin Description 
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GENERAL DESCRIPTION 


The ST6280 microcontrollers is a member of the 8- 
bit HCMOS ST62xx family, a series of devices ori- 
ented to low-medium complexity applications. All 
ST62xx members are based on a building block 
approach: 


acommon core is associated with a combination of 
on-chip peripherals (macrocells). The macrocells 
of the ST6280 are an advanced LCD driver/con- 
troller with 48 segments, 8 backplanes and 8 soft- 
ware selectable segment/backplane outputs able 
to drive up to 48x16 (768) or 56x8 (448) segments, 
one 8 bit Autoreload timer with 7 bit programmable 
prescaler (ARTimer), one 8 bit standard 


“ 


Figure 2. ST6280 Block Diagram 
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timer/counter with a 7-bit software programmable 
prescaler (Timer 1), the digital watchdog (DWD), 
an 8-bit A/D Converter with up to 12 analog inputs, 
a 32kHz Oscillator, and an 8-bit synchronous serial 
peripheral interface (SPI). In addition this device 
offers 128 bytes of EEPROM for storage of non- 
volatile data. 


Thanks to these peripherals the ST6280 is well 
suited for general purpose, automotive, security, 
appliance and _ industrial applications. The 
ST62E80 EPROM version is available for prototyp- 
ing and low-volume production, an OTP version is 
also available (see separate datasheet). 


PA2-PA3, 20mA Sink 
PA4/TIM1, 20mA Sink 
PAS/SCL, 20mA Sink 
PA6/Sin, 20mA Sink 

PA7/Sout, 20mA Sink 


PBO-PB5/Ain 
PB6/TIMin2/Ain 
PB7/TIMout2/Ain 


PCO-PC3, 20mA Sink 
PC4-PC7/Ain 


Ain = Analog Input 


cS SERIAL PERIPHERAL 
INTERFACE ( SPI) 
=e 
Gas ARTIMER 
DIGITAL 
‘\—v|  watcupoe 


DATA RAM 
BOM 192 Bytes 


7948 Bytes 
DATA EEPROM 
128 Bytes 


POWER 
SUPPLY OSCILLATOR RESET 
ae a 


OSCin OSCout RESET 


OSC3z2in 


OSC 
8 BIT CORE K—_ a 


S9-S56 (48 segments) 


Hh COM1-COM8 (8 commons) . 


+ 
LCD RAM (128x8) -/ 
M9/S1- 8 
Pp) COM9/S1-COM16/S 


¥ (8 commons)-(8 segments) 
[th 


VLCD 1/5 2/5 3/5 4/5 5/5 


LCD DRIVER 


VA00D479 
Voo Vs 


SI SGS-THOMSON 3/118 


MICROELECTRONICS 
249 


ST6280 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to re- 
start the microcontroller at the beginning of its pro- 
gram. The RESET pin is provided with an on-chip 
pull-up resistor and schmitt trigger input charac- 
teristics. 


TEST. TEST must be held at Vss for normal opera- 
tion (an internal pull-down resistor selects normal 
operating mode if TEST pin is not connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU. This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


PA4/TIM1. This pin can be used as Timer 1 I/O pin. 
In input mode it is connected to the timer prescaler 
input and acts as the external timer clock or as the 
control gate for the internal timer clock. In the out- 
put mode the timer pin outputs the timer data bit 
when a time out occurs. 

To use this pin as Timer output the I/O pin has to be 
programmed as open-drain output. To use this pin 
as Timer input the I/O pin has to be programmed 
as input. 


PB6/TIMIN2, PB7/TIMOUT2. These pins are the 
Input and Output pins of the Autoreload Timer. The 
timer input pin ARTIMin is connected to port line 
PB6. To use the line as timer input function, PB6 
has to be programmed as input with or without pull- 
up. The timer output pin is connected to the port 
line PB7. A dedicated bit in the ARTIMER mode 
control register sets the line as timer output func- 
tion ART|Mout. 


PA2-PA7. These 6 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
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for direct LED or triac driving. PA5-PA7 can also be 
used as respectively Clock, Data in and Data out 
pins for the on-chip SPI to carry the synchronous 
serial I/O signals. PA4 can also be used as the 
TIMER 1 I/O pin. 


PBO-PB7. These 8 lines are organized as one I/O 
port (B). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, open-drain or push-pull output or 
as an analog input for the A/D converter. PB6 is 
also connected to the ARTIMER input function 
while PB7 can act as the ARTIMER output. 


PCO0-PC3, PC4-PC7. These 8 lines are organized 
as one I/O port (C). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, an interrupt generating in- 
put with pull-up resistor, or an open-drain or push- 
pull output. PCO-PC3 can also sink 20mA for direct 
LED or triac driving while PC4-PC7 can be pro- 
grammed as analog inputs for the A/D converter. 


COM1-COMB8. These eight pins are the LCD pe- 
ripheral common outputs. They are the outputs of 
the on-chip backplane voltage generator which is 
used for multiplexing the LCD segment lines. 


S9-S56. These pins are the 48 LCD peripheral 
driver outputs of the ST6280. Segments S1-S8 are 
multiplexed with COM9-COM16 and their function 
is software selectable. 


COM9/S1-COM16/S8. These pins are the 8 multi- 
plexed common/segment lines. Under software 
selected control, they can act as LCD common out- 
puts allowing a 48x16 dot matrix operation, or they 
can act as segment outputs allowing 56x8 dot ma- 
trix operation. 


VLCD1/5-VLCD5/5. Resistor network nodes for 
determining the intermediate LCD voltage levels 
on COM1-COM8/COM16 and S1/S8-S56 pins dur- 
ing multiplex operation. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. ; 
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8-BIT EPROM HCMOS MCU WITH DOT MATRIX LCD DRIVER 
EEPROM AND A/D CONVERTER 


PRELIMINARY DATA 


u 4.5 to 6V supply operating range 

u 8.4MHz Maximum Clock Frequency 

a -40 to +85°C Operating Temperture Range 
a Run, Wait & Stop Modes 

« 5 different interrupt vectors 


a Look-up table capability in EPROM 
User EPROM: 8192 bytes 


Data RAM: 192 bytes 
LCD RAM: 128 bytes 
EEPROM: 128 bytes 


PQFP100 
PQFP100 and CQFP100-W packages 


m 12 fully software programmable I/O as: 

Input with/without pull-up resistor 

. Input with interrupt generation 

- Open-Drain or Push-pull outputs 

~ Analog Inputs 

a 101/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 

a One 8-bit counter with 7-bit programmable pres- 
calers (Timer 1) 

a One 8-bit auto-reload timer with 7-bit program- CQFP100-W 
mable prescaler (Timer 2) 

a Software activated digital watchdog 

a 8-bit A/D converter with up to 12 analog inputs 

= 8-bit synchronous serial peripheral interface 
(SPI) 

=» LCD driver with 48 segment outputs, 8 back- 

plane outputs and 8 software selectable 

segment/backplane outputs able to drive up to 

48x16 (768) or 56x8 (448) LCD segments. 

32kHz oscillator for stand-by LCD operation 

One external not maskable interrupt 

9 powerful addressing modes 

The accumulator, the X, Y, V & W registers, the 

port and peripherals data & control registers are 

addressed in the data space as RAM locations. 

= The ST62E80 is the EPROM version, ST62T80 


is the OTP version, fully compatible with ST6280 
ROM version. 


(Ordering Information at the end of the datasheet) 
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Figure 1. 100 Pin Quad Flat Pack (QFP) Package Pinout 
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COM10/S2 
COM11/S3 
COM12/S4 
COM13/S5 
COM14/S6 
COM15/S7 
COM16/S8 


GENERAL DESCRIPTION 


The ST62E80, ST62T80 microcontrollers are 
members of the 8-bit HCMOS ST62xx family, a se- 
ries of devices oriented to low-medium complexity 
applications. They are the EPROM/OTP versions 
of the ST6280 ROM device and are suitable for 
prototyping and low-volume production. All 
ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6280 family are: an ad- 
vanced LCD driver/controller with 48 segments, 8 
backplanes and 8 software selectable seg- 


Figure 2. ST62E80/T80 Block Diagram 
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ment/backplane outputs able to drive up to 48x16 
(768) or 56x8 (448) segments, one 8 bit reload 
timer with 7 bit programmable prescaler (Timer 2), 
one 8 bit standard timer/counter with a 7-bit soft- 
ware programmable prescaler (Timer 1), the digital 
watchdog timer (DWD), an 8-bit A/D Converter 
with up to 12 analog inputs, a 32kHz Oscillator, 
and an 8-bit synchronous serial peripheral inter- 
face (SPI). In addition this device offers 128 bytes 
of EEPROM for storage of non-volatile data. 
Thanks to these peripherals the ST6280 family is 
well suited for general purpose, automotive, secu- 
rity, appliance and industrial applications. 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 


is the output pin. An external clock signal can be 


applied to OSCin. 


RESET. The active low RESET pin is used to re- 
start the microcontroller at the beginning of its pro- 
gram. The RESET pin is provided with an on-chip 
pull-up resistor and schmitt trigger input charac- 
teristics. 


TEST. TEST must be held at Vss for normal opera- 
tion (an internal pull-down resistor selects normal 
operating mode if TEST pin is not connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU. This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


PA4/TIM1. This pin can be used as Timer 1 I/O pin. 
In input mode it is connected to the timer prescaler 
input and acts as the external timer clock or as the 
control gate for the internal timer clock. In the out- 
put mode the timer pin outputs the timer data bit 
when a time out occurs. 

To use this pin as Timer output the I/O pin has to be 
programmed as open-drain output. To use this pin 
as Timer input the I/O pin has to be programmed 
as input. 


PB6/TIMIN2, PB7/TIMOUT2. These pins are the 
Input and Output pins ofthe Autoreload Timer. The 
timer input pin ARTIMin is connected to port line 
PB6. To use the line as timer input function, PB6 
has to be programmed as input with or without pull- 
up. The timer output pin is connected to the port 
line PB7. A dedicated bit in the ARTIMER mode 
control register sets the line as timer output func- 
tion ARTIMout. 


PA2-PA7. These 6 lines are organized as one 1/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
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for direct LED or triac driving. PA5-PA7 can also be 
used as respectively Clock, Data in and Data out 
pins for the on-chip SPI to carry the synchronous 
serial I/O signals. PA4 can also be used as the 
TIMER 1 1/O pin. 


PBO-PB7. These 8 lines are organized as one I/O 
port (B). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, open-drain or push-pull output or 
as an analog input for the A/D converter. PB6 is 
also connected to the ARTIMER input function 
while PB7 can act as the ARTIMER output. 


PC0-PC3, PC4-PC7. These 8 lines are organized 
as one I/O port (C). Each line may be configured 
under software control as an input with or without 
internal pull-up resistor, an interrupt generating in- 
put with pull-up resistor, or an open-drain or push- 
pull output. PCO-PC3 can also sink 20mA for direct 
LED or triac driving while PC4-PC7 can be pro- 
grammed as analog inputs for the A/D converter. 


COM1-COMB. These eight pins are the LCD pe- 
ripheral common outputs. They are the outputs of 
the on-chip backplane voltage generator which is 
used for multiplexing the LCD segment lines. 


S9-S56. These pins are the 48 LCD peripheral 
driver outputs of the ST6280. Segments S1-S8 are 
multiplexed with COM9-COM16 and their function 
is software selectable. 


COM9/S1-COM16/S8. These pins are the 8 multi- 
plexed common/segment lines. Under software 
selected control, they can act as LCD common out- 
puts allowing a 48x16 dot matrix operation, or they 
can act as segment outputs allowing 56x8 dot ma- 
trix operation. 


VLCD1/5-VLCD5/5. Resistor network nodes for 
determining the intermediate LCD voltage levels 
on COM1-COM8/COM16 and $1/S8-S56 pins dur- 
ing multiplex operation. 


OSC32in and OSC32out. These pins are inter- 
nally connected with the on-chip 32kHz oscillator 
circuit. A 32.768kHz quartz crystal can be con- 
nected between these two pins if it is necessary to 
provide the LCD stand-by clock and real time inter- 
rupt. OSC32in is the input pin, OSC32out is the 
output pin. 
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ST62E80/ST62T80 EPROM/OTP DESCRIPTION. 


The ST62E80 is the EPROM version of the 
ST6280 ROM product. It is intended for use during 
the development of an application, and for pre-pro- 
duction and small volume production. The 
ST62T80 OTP has the same characteristics. They 
both include EPROM memory instead of the ROM 
memory of the ST6280, and so the program and 
constants of the program can be easily modified by 
the user with the ST62E80 EPROM programming 
board of from SGS-THOMSON. 


From a user point of view (with the following excep- 
tions) the ST62E80, ST62T80 products have ex- 
actly the same software and hardware features of 
the ROM version. 


On the ST62E80, all the 8192 bytes of PROGRAM 
memory are available for the user, as all the 
EPROM memory can be erased by exposure to UV 
light. On the ST62T80 (OTP) device a reserved 
area for test purposes exists, as for the ST6280 
ROM device. In order to avoid any discrepancy be- 
tween program functionality when using the 
EPROM, OTP and ROM it is recommended not to 
use these reserved areas, even when using the 
ST62E80. 


Other than these exceptions, the ST62E80, 
ST62T80 parts are fully compatible with the ROM 
S1T6280 equivalent, this datasheet thus provides 
only information specific to the EPROM based de- 
vices. 


ST62T80 OTP nia aoa Map 


ROM |) ROMPage 
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0000h-007Fh Reserved 


0800h-OF9Fh User ROM 
OFAOh-OFEFh Reserved 
Page 1 OFFOh-OFF7h Interrupt Vectors 
“STATIC” OFF8h-OFFBh Reserved 
OFFCh-OFFDh NMI Vector 
OFFEh-OFFFh Reset Vector 


Pade 2 0000h-000Fh Reserved 
g 0010h-07FFh User ROM 
Page 3 0000h-000Fh Reserved 
g 0010h-07FFh User ROM 


3162E80 - ST62T80 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6280 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E80 may be erased by exposure to Ultra Vio- 
let light. 


The erasure characteristic of the ST62E80 
EPROM is such that erasure begins when the 
memory is exposed to light with wave lengths 
shorter than approximately 4000A. It should be 
noted that sunlight and some types of fluorescent 
lamps have wavelengths in the range 3000 -4000A. 
It is thus recommended that the window of the 
ST62E80 package be covered by an opaque label 
to prevent unintentional erasure problems when 
testing the application in such an environment. 
The recommended erasure procedure of the 
ST62E80 EPROM is exposure to short wave ultra- 
violet light which has wavelength 2537A. The inte- 
grated dose (i.e. UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000uW/cm? power rating. The ST62E80 should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during erasure. 
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CT] SGS-THOMSON 
AS). incsociermomes 876285 


8-BIT HOMOS MCU WITH 
DOT MATRIX LCD DRIVER AND A/D CONVERTER 


PRELIMINARY DATA 


= 4.5 to 6V supply operating range 
= 8.4MHz Maximum Clock Frequency 
m -40 to +85°C Operating Temperture Range 
= Run, Wait & Stop Modes 
= 5 different interrupt vectors 
u Look-up table capability in EPROM 

User EPROM: 8192 bytes 

Reserved ROM: 244 bytes 

Data RAM: 192 bytes 

LCD RAM: 96 bytes PQFP80 
= PQFP80 package 
® 8 fully software programmable I/O as: 
— Input with/without pull-up resistor 
— Input with interrupt generation 
— Open-Drain or Push-pull outputs (Ordering Information at the end of the datasheet) 
— Analog Inputs 


= 41/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


= One 8-bit counter with 7-bit programmable pres- 
calers (Timer 1) 


= Software activated digital watchdog 

= 8-bit A/D converter with up to 12 analog inputs 

= 8-bit synchronous serial peripheral interface 
(SPI) 


= LCD driver with 40 segment outputs, 8 backplane 
outputs and 8 software selectable seg- 
ment/backplane outputs able to drive up to 40x16 
(640) or 48x8 (384) LCD segments. 


= One external not maskable interrupt 
= 9 powerful addressing modes 
= The accumulator, the X, Y, V & W registers, the 


port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


= The ST62E85 is the EPROM version, ST62T85 


is the OTP version, fully compatible with ST6285 
ROM version. 
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ST6285 


Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout 
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ST6285 Pin Description 


VLCD4/5 
VLCD3/5 
VLCOD2/5 


VLCD1/5 
PA7/Sout 
PA6/Sin 

PA5/SCL 
PA4/TIM1 


Note 1: 20mA SINK 
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GENERAL DESCRIPTION 


The ST6285 microcontroller is a member of the 
8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. 
All ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6285 family are: an ad- 
vanced LCD driver/controller with 40 segments, 8 
backplanes and 8 software selectable seg- 
ment/backplane outputs able to drive up to 40x16 
(640) or 48x8 (384) segments, one 8 bit standard 


Figure 2. ST6285 Block Diagram 
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timer/counter with a 7-bit software programmable 
prescaler (Timer 1), the digital watchdog timer 
(DWD), an 8-bit A/D Converter with up to 12 analog 
inputs and an 8-bit synchronous serial peripheral 
interface (SPI). Thanks to these peripherals the 
ST6285 family is well suited for general purpose, 
automotive, security, appliance and industrial ap- 
plications. The ST62E85 EPROM version is avail- 
able for prototyping and low-volume production, an 
OTP version is also available. 


PA4/TIM1, 20mA Sink 
PA5/SCL, 20mA Sink 
PA6/Sin, 20mA Sink 

PA7/Sout, 20mA Sink 


PBO-PB3/Ain 
PC4/PC7/Ain 


SERIAL PERIPHERAL Ain = Analog Input 
INTERFACE ( SPI) 


= TIMER 1 


= DIGITAL 
WATCHDOG/TIMER 


S9-S24 (40 segments) 
$33-S56 


+ COM1-COM8 (8 commons) , 
LCD RAM (96x8 
( ) ah COM9/S1-COM16/S8 


L (8 commons)/(8 segments) 
Hid 


LCD DRIVER 


VA00Q479 


VLCD 1/5 2/5 3/5 4/5 5/5 
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ST6285 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST. TEST must be held at Vss for normal opera- 
tion (an internal pull-down resistor selects normal 
operating mode if TEST pin is not connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU. This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


PA4/TIM1. This pin can be used as Timer 1 1/O pin. 
In input mode it is connected to the timer prescaler 
input and acts as the external timer clock or as the 
control gate for the internal timer clock. In the 
output mode the timer pin outputs the timer data bit 
when a time out occurs. 

To use this pin as Timer output the I/O pin has to 
be programmed as open-drain output. To use this 
pin as Timer input the I/O pin has to be programmed 
as input. 


PA4-PA7. These 4 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
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for direct LED or triac driving. PA5-PA7 can also be 
used as respectively Clock, Data in and Data out 
pins for the on-chip SPI to carry the synchronous 
serial I/O signals. PA4 can also be used as the 
TIMER 7 1/0 pin. 


PBO-PB3. These 4 lines are organized as one I/O 
port (B). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, open-drain or push-pull output or 
as an analog input for the A/D converter. 


PC4-PC7. These 4 lines are organized as one I/O 
port (C). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. PC4-PC7 can be programmed as analog in- 
puts for the A/D converter. Port C has schmitt 
trigger inputs and a 5mA drive capability. in output 
mode. 


COM1-COMB. These eight pins are the LCD pe- 
ripheral common outputs. They are the outputs of 
the on-chip backplane voltage generator which is 
used for multiplexing the LCD segment lines. 


S9/S24-S33/S56. These pins are the 40 LCD pe-. 
ripheral driver outputs of the ST62E85, ST62T85. 
Segments S1-S8 are multiplexed with COMS9- 
COM16 and their function is software selectable. 


COM9/S1-COM16/S8. These pins are the 8 multi- 
plexed common/segment lines. Under software se- 
lected control, they can act as LCD common 
outputs allowing a 40x16 dot matrix operation, or 
they can act as segment outputs allowing 48x8 dot 
matrix operation. 


VLCD1/5-VLCD5/5. Resistor network nodes for 
determining the intermediate display voltage levels 
on COM1-COM8/COM16 and S1/S8-S56 pins dur- 
ing multiplex operation. 
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8-BIT EPROM HCMOS MCU WITH 
DOT MATRIX LCD DRIVER AND A/D CONVERTER 


PRELIMINARY DATA 


= 4.5 to 6V supply operating range 

= 8.4MHz Maximum Clock Frequency 

= -40 to +85°C Operating Temperture Range 
= Run, Wait & Stop Modes 

' @ 5 different interrupt vectors 


m Look-up table capability in EPROM 
User EPROM: 8192 bytes 


Data RAM: 192 bytes 
LCD RAM: 96 bytes 
= PQFP80 and CQFP80-W packages PQFP80 


= 8 fully software programmable I/O as: 

— Input with/without pull-up resistor 

— Input with interrupt generation 

— Open-Drain or Push-pull outputs 

— Analog Inputs 

= 41/O lines can sink up to 20mA for direct LED or 
TRIAC driving and have SPI alternate functions 


= One 8-bit counter with 7-bit programmable pres- 
calers (Timer 1) 


_ ™ Software activated digital watchdog 

a 8-bit A/D converter with up to 12 analog inputs CQFP80-W 

= 8-bit synchronous serial peripheral interface 
(SPI) 


= LCD driver with 40 segment outputs, 8 backplane 
outputs and 8 software selectable seg- 
ment/backplane outputs able to drive up to 40x16 
(640) or 48x8 (384) LCD segments. (Ordering Information at the end of the datasheet) 


= One external not maskable interrupt 
= 9 powerful addressing modes 
= The accumulator, the X, Y, V & W registers, the 


port and peripherals data & control registers are 
addressed in the data space as RAM locations. 


= The ST62E85 is the EPROM version, ST62T85 


is the OTP version, fully compatible with ST6285 
ROM version. 
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ST62E85-ST62T85 


Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout 


VROA1649 


ST62E85 Pin Description 


COM10/S2 
COM11/S3 


COM12/S4 
PA7/Sout COM13/S5 
PA6/Sin COM14/S6 
PA5/SCL COM15/S7 
PA4/TIM1 COM16/S8 


Note 1: 20mA SINK 
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GENERAL DESCRIPTION 


The ST62E85, ST62T85 microcontrollers are 
members of the 8-bit HCMOS ST62xx family, a 
series of devices oriented to low-medium complex- 
ity applications. They are the EPROM/OTP ver- 
sions of the ST6285 ROM device and are suitable 
for prototyping and low-volume production. All 
ST62xx members are based on a building block 
approach: a common core is associated with a 
combination of on-chip peripherals (macrocells). 
The macrocells of the ST6285 family are: an ad- 
vanced LCD driver/controller with 40 segments, 8 


Figure 2. ST62E85/T85 Block Diagram 
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A/D CONVERTER == 
TESTV,. [1 TEST 
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backplanes and 8 software selectable seg- 
ment/backplane outputs able to drive up to 40x16 
(640) or 48x8 (884) segments, one 8 bit standard 
timer/counter with a 7-bit software programmable 
prescaler (Timer 1), the digital watchdog timer 
(DWD), an 8-bit A/D Converter with up to 12 analog 
inputs and an 8-bit synchronous serial peripheral 
interface (SPI). Thanks to these peripherals the 
ST6285 family is well suited for general purpose, 
automotive, security, appliance and industrial ap- 
plications. 


PA4/TIM1, 20mA Sink 
PA5/SCL, 20mA Sink 
PA6/Sin, 20mA Sink 

PA7/Sout, 20mA Sink 


PBO-PB3/Ain 
PC4/PC7/Ain 


Ain = Analog Input 


ae DIGITAL 
WATCHDOG/TIMER 


S9-S24 (40 segments) 
$33-S56 


+ COM1-COMB (8 commons) 
LOD RAM (96x8 
Pre ahh COM9/S1-COM16/S8 


lL (8 commons)/(8 segments) 
Ht 


LCD DRIVER 


VA00Q479 


VLCD 1/5 2/5 3/5 4/5 5/5 
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ST62E85 - ST62T85 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCIN and OSCOUT. These pins are internally | 


connected with the on-chip oscillator circuit. A 
‘Quartz crystal or a ceramic resonator can be con- 
nected between these two pins in order to allow the 
correct operation of the MCU with various stabil- 
ity/cost trade-offs. OSCin is the input pin, OSCout 
is the output pin. An external clock signal can be 
applied to OSCin. 


RESET. The active low RESET pin is used to restart 
the microcontroller at the beginning of its program. 
The RESET pin is provided with an on-chip pull-up 
resistor and schmitt trigger input characteristics. 


TEST/. TEST must be held at Vss for normal op- 
eration (an internal pull-down resistor selects nor- 
mal operating mode if TEST pin is not connected). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external top priority interrupt 
to the MCU. This pin is falling edge sensitive. The 
NMI pin is provided with an on-chip pull-up resistor 
and schmitt trigger input characteristics. 


PA4/TIM1. This pin can be used as Timer 1 I/O pin. 
In input mode it is connected to the timer prescaler 
input and acts as the external timer clock or as the 
control gate for the internal timer clock. In the 
output mode the timer pin outputs the timer data bit 
when a time out occurs. 

To use this pin as Timer output the I/O pin has to 
be programmed as open-drain output. To use this 
pin as Timer input the I/O pin has to be programmed 
as input. 


PA4-PA7. These 4 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
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for direct LED or triac driving. PA5-PA7 can also be 
used as respectively Clock, Data in and Data out 
pins for the on-chip SPI to carry the synchronous 
serial I/O signals. PA4 can also be used as the 
TIMER 1 I/O pin. 


PBO-PB3. These 4 lines are organized as one I/O 
port (B). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, open-drain or push-pull output or 
as an analog input for the A/D converter. 


PC4-PC7. These 4 lines are organized as one I/O 
port (C). Each line may be configured under soft- 
ware control as an input with or without internal 
pull-up resistor, an interrupt generating input with 
pull-up resistor, or an open-drain or push-pull out- 
put. PC4-PC7 can be programmed as analog in- 
puts for the A/D converter. Port C has schmitt 
trigger inputs and a 5mA drive capability in output 
mode. 


COM1-COMB8. These eight pins are the LCD pe- 
ripheral common outputs. They are the outputs of 
the on-chip backplane voltage generator which is 
used for multiplexing the LCD segment lines. 


$9/S24-S33/S56. These pins are the 40 LCD pe- 
ripheral driver outputs of the ST62E85, ST62T85. 
Segments $1-S8 are multiplexed with COM9- 
COM16 and their function is software selectable. 


COM9/S1-COM16/S8. These pins are the 8 multi- 
plexed common/segment lines. Under software se- 
lected control, they can act as LCD common 
outputs allowing a 40x16 dot matrix operation, or 
they can act as segment outputs allowing 48x8 dot 
matrix operation. 

VLCD1/5-VLCD5/5. Resistor network nodes for 
determining the intermediate display voltage levels 
on COM1-COM8/COM 16 and S1/S8-S56 pins dur- 
ing multiplex operation. 
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ST62E85/ST62T85 EPROM/OTP DESCRIPTION. 


The ST62E85 is the EPROM version of the ST6285 
ROM product. It is intended for use during the 
development of an application, and for pre-produc- 
tion and small volume production. The ST62T85 
OTP_has the same characteristics. They both in- 
clude EPROM memory instead of the ROM mem- 
ory of the ST6285, and so the program and 
constants of the program can be easily modified by 
the user with the ST62E85 EPROM programming 
board of from SGS-THOMSON. 


From a user point of view (with the following excep- 
tions) the ST62E85, ST62T85 products have ex- 
actly the same software and hardware features of 
the ROM version. 


On the ST62E85, all the 8192 bytes of PROGRAM 
memory are available for the user, as all the 
EPROM memory can be erased by exposure to UV 
light. On the ST62T85 (OTP) device a reserved 
area for test purposes exists, as for the ST6285 
ROM device. In order to avoid any discrepancy 
between program functionality when using the 
EPROM, OTP and ROM it is recommended not to 
use these reserved areas, even when using the 
ST62E85. 


Notes on programming: 


In order to emulate exactly the ST6285 features 
with the ST62E85 and ST62T85, some software 
precautions have to be taken: 

1. LCD RAM: The accessible segments are seg- 
ments 9 to 24 and 33 to 56. 

2. I/O: To prevent floating input or uncontrolled I/O 
interrupt, the port bit PAO-PA3, PB4-PB7 must be 
programmed as push-pull output. 

3. Data Memory Space: write 40h at the address 
DFh of the Data Memory Space (disabled EEPROM). 


ST62T80 OTP Memory Map 


0000h-007Fh 


4. Do not access data space locations: C7, CD, D9, 
DA, DB, DF, E5 to FE. 


Other than these exceptions, the ST62E85, 
ST62T80 parts are fully compatible with the ROM 
ST6280 equivalent, this datasheet thus provides 
only information specific to the EPROM based 
devices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6285 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E85 may be erased by exposure to Ultra 
Violet light. 


The erasure characteristic of the ST62E85 EPROM 
is such that erasure begins when the memory is 
exposed to light with wave lengths shorter than 
approximately 4000A. It should be noted that sun- 
light and some types of fluorescent lamps have 
wavelengths in the range 3000-4000A. It is thus 
recommended that the window of the ST62E85 
package be covered by an opaque label to prevent 
unintentional erasure problems when testing the 
application in such an environment. 

The recommended erasure procedure of the 
ST62E85 EPROM is exposure to short wave ultra- 
violet light which has wavelength 2537A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000nW/cm? power rating. The ST62E85 should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during erasure. 


Reserved 
User ROM 


0800h-OF9Fh User ROM 
OFAOh-OFEFh Reserved 
Page 1 OFFOh-OFF7h Interrupt Vectors 
“STATIC” OFF8h-OFFBh Reserved 
OFFCh-OFFDh NMI Vector 
OFFEh-OFFFh Reset Vector 
0010h-07FFh User ROM 
0010h-07FFh User ROM 


Note : EPROM addresses are related to the ROM file to be processed. 
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Gay SGS-THOMSON ~~ tuzzyTECH™ ST6 
AYA, wwcnosucrsomes _ Explorer Edition 


___ FUZZY LOGIC DEVELOPMENT TOOL FOR ST6 


DESIGN: CODE GENERATOR: 


a System : up to four inputs and one output = Optimised ST6 assembly code 
= Variables: up to 7 labels per input/output a No licence fee 
u Rules : up to 125 rules USER INTERFACE: 
ON-LINE OPTIMISATION: a “point & click” tools MS-Windows™ compatible 
» Real time visualisation and modification PERFORMANCE (typical) : 
Data recordin a 7 rules /2 inputs/ 1output 10ms 
Oe eee 580 bytes ROM - 30 bytes RAM 
OFF-LINE OPTIMISATION: a 20 rules / 2 inputs/ 1outputi5ms 
a Transfer plot: redundant or unstable rules 670bytes ROM - 34 bytes RAM 


= Debugger: real time treatment from PC 
= Time response: time plot of input/output 
a Simulation: analysis of a built-in model 


Syn fuzzyTECH - CRANE.FTL ~ 
File Edit Debug Analyzer Compile Options Window Help 


neg_medium 
zero 
pos_medium 


14.0000 
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fuzzyTECH ST6 


DESCRIPTION 


fuzzyTECH ST6 Explorer Edition is an easy to 
use, high level software development tool opti- 
mised for the design of fuzzy logic controls with 
the ST6 microcontroller. It covers all the steps of 
a fuzzy logic design from the initial concept to the 
production of optimised ST6 executable code. In 
addition, its MS-Windows™ based interface 
takes full advantage of the intuitive approach of 
fuzzy logic to define and optimise the control with 
a very friendly approach. These features enable 
the fast development of optimised control. 


Figure 1. A development flow chart 
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THE GRAPHIC DESIGN EDITORS: 


FuzzyTECH ST6 Explorer Edition includes three 
graphical editors for the definition of the system 
structure, linguistic variables and rules genera- 
tion. The resolution is 8-bit for all internal and ex- 
ternal data. These editors enable definition of 
the complete system with graphical tools using a 
“point & click” approach. 


System: 

- Up to 4 input variables per module 

- | output variable per module 

- Fast computation fuzzification method 
Variables: 

- Up to 7 terms per variable 

Rules: 

- Allows up to 125 rules 

- Full graphical input with matrix or spreadsheet 
- Supports standard Max-Min inference method 


‘ 


Figure 2. Design Screen Examples 


xample of System Architecture 


Container Crane Controller 


Tegal Ci tet see Crytek erenes 


F eq_elose 
zero 


Example of Rule Generator 


— coat eee 
Fe ent ests [ot fc — 


xo cr ee oe 


zero oom neg_medium 
ero tt rer 


ISTA SGS-THOMSON 


MICROELECTRONICS 


268 


THE OPTIMISATION TOOLS: 


fuzzyTECH ST6 Explorer Edition provides several 
optimisation tools using real time data coming from 
the application or simulations of the system behav- 
iour. The generated files can be treated with the 
graphical tools of fuzzyTECH or with other soft- 
ware running on a PC. 


On-line optimisation: 


- Real time visualisation and modification (serial 
debug mode): 


Figure 3. Task sharing of the serial debug mode 


fuzzy TECH 
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GRAPHICAL 
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fuzzyTECH ST6 


This mode enables the visualisation and modifica- 


- tion in real time of the fuzzy logic algorithm configu- — 


ration from a PC. In this mode, the fuzzy logic 
algorithm is treated by the PC. The ST62 program 
includes the application interface and the PC inter- 
face protocol. An RS232 link provides the interface 
between the PC and the ST62. The optimisation 
tools of fuzzyTECH can be used in real time in this 
mode. This option can be used in applications with 
a dynamic operation of typically 100ms or slower. 


APPLICATION 


COMMUNICATION 


APPLICATION 


TARGET 
BOARD 


INTERFACE 
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fuzzyTECH ST6 


THE OPTIMISATION TOOLS (Continued) 
.- Data recording (file mode): 


This mode enables the recording of input and out- 
put data coming from the ST62 in a PC. In this 
mode, the fuzzy logic algorithm is treated by the 
S162 microcontroller. During each fuzzy iteration, 


Figure 4. Task sharing of the file mode 


the input and output data of the algorithm are sent 
by serial RS232 or a parallel port to the PC. This 
data can be used later inside the fuzzyTECH pro- 
gram or in any other software to visualise the con- 
trol performance. This mode can be used in 
applications requiring a dynamic operation faster 
than 100ms. 
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THE OPTIMISATION TOOLS (Continued) 
Off-line optimisation: 


The debugging tool uses files coming from the real 
application or from simulation. It generates files in 
the fuzzyTECH format which enables the use of 
the fuzzyTECH graphical tools to optimise the con- 
trol algorithm. 


- fuzzyTECH Debugger: 


Test and verification of the system under design 
using different debug modes. The entire inference 
flow can be visualised, including rules and tracing 
variables. 


. fuzzyTECH Time Response: 


Rules and variable tracing either in real time, on 
the basis of recorded process data, or using a 
process simulation. 


- fuzzyTECH Transfer Plot : 


Visualisation with surface control of the operative 
rules to identify redundant rules and regions of in- 
stability. 

- fuzzyTECH Simulator: 


To get started right away, an animated simulator of 
a crane container control is provided. By experi- 
menting how modifications on rules affect the 
crane performance, the basics of fuzzy logic con- 
trol can be understood. 
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Figure 5. Optimisation Screen Examples 
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fuzzyTECH ST6 


CODE GENERATOR: 


fuzzyTECH is a hardware independent object ori- 
ented program dedicated to fuzzy logic. Its output 
has to be compiled and linked to the rest of the ap- 
plication prior to use in the target microcontroller. 


The ST6 code generator is used to produce highly 
optimised ST6 assembler code which minimises 
the program size. Data acquisition and data out is 
made using the conventional peripherals and pro- 
gramming resources of the microcontroller. 


Figure 6. Typical Flow Chart 


ST6 Current Program 


ST6 Initialisation 


The fuzzy logic code is merged with the conven- 
tional program using the “link” procedure of the 
current ST6 programming software. The linked 
code is loaded into the ST6 EPROM or OTP part 
using an ST6 programming tool for full product 
evaluation, test and production. 


TYPICAL PROGRAM FLOW CHART 


The fuzzyiECH ST6 Explorer Edition blocks are 
called as subroutines of the ST6 application pro- 
gram. A typical flow chart is given here below: 


\ 


ST6 fuzzyTECH 


fuzzy Logic data Initialisation 


<Q ET 


Data-In Acquisition 
Hardware Interface 


Data-Out Generation 
Hardware Interface 
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APPLICATIONS 


Fuzzy logic brings computer reasoning closer to 
the way people think. It suits well applications that 
are more easy to describe with a linguistic ap- 
proach than with a mathematical model, especially 
non-linear systems. It provides also a bridge be- 
tween the analog and digital world, enabling a de- 
signer with a good analog background to develop a 
microcontroller based control without digital exper- 
tise. 


fuzzyTECH ST6 Explorer Edition is particularly 
useful in applications which can be defined with 
few inputs and one output and where a resolution 
of 8 bits and a dynamic range of around 100ms are 
sufficient to contro! the system. 


Typical applications are home appliances (wash- 
ing machine, vacuum cleaner and food proces- 
sor,... ) , temperature control (air conditioning, 
refrigeration, cooker, oven, central heating, fur- 
nace,...), sensor interfaces (InfraRed detector, 
Alarm, ...), motor control (speed or position), or 
battery chargers. Being user-friendly, fuzzyTECH 
enables a system expert without microcontroller 
knowledge to define the control in a short time. 


APPLICATION NOTES 

Several application notes describe practical sys- 
tems designed with the fuzzyTECH ST6 Explorer 
_ Edition. They show how to take advantage of its 
friendly user interface and debugging facilities to 


yj SGS-THOMSON 
SIF. CROELECTROMCS 


fuzzyTECH ST6 


design an optimised control, even for relatively fast 
“real time” loops, without specific experience on 
digital contro! techniques. These notes are en- 
closed in the fuzzyTECH ST6 EXPLORER EDI- 
TION documentation. 

HARDWARE/SOFTWARE REQUIREMENTS 


- A 80386 (or higher) PC with at least 2Mbyte of 
memory 

- MS-Windows 3.1™ or higher and MS-DOS 5.0 
or higher: 


- Hard disk with 5 Mbyte of free space and a 
3.5" floppy disk 
- VGA monitor supported by Windows 
The generated ST6 assembly code runs on every 
member of the ST6 microcontroller family. For the 
implementation, ST6 assembler/linker software 
and a programmer socket are required. 
Each fuzzyTECH ST6 Explorer Edition set in- 
cludes a 3.5" floppy disk and two books, one user 


manual with application notes and one detailed 
datasheet. 


fuzzyTECH is a trade mark of Inform Software 
Corp. 

ST6is a trade mark of S@GS-THOMSON Microelec- 
tronics. 


MS-Windows and MS-DOS are registered trade- 


_ marks of Microsoft Corp. 


7/7 


273 


ST62 STARTER KITS 


275 


SGS-THOMSON 
4, MICROELECTRONICS 


916220-KIT 


STARTER KIT FOR ST622x/1x MCU FAMILY 


a Basic Programmer board enables to program 
EPROM device 


= Power supply and 25 wire flat cable 


a ST62E20F1 (20 pins): 2 pieces 
ST62E25F1 (28 pins): 2 pieces 


= SI6 Software Tools includes the ST6 Assem- 
‘bler, the ST6 Linker, the ST6 Simulator and the 
interface to drive the Basic Programmer board. 


a Application softwares are documented software 


modules that you may copy or link in your appli- 
cations 


= Documentation includes Kit Guide, ST621x/2x 
User Manual and ST62/ST63 Software Develop- 
ment Tools User Manual 


Preliminary Data 


DESCRIPTION 

The STARTER KIT gives a quick entry to the ST62 
world. It provides a basic development system that 
can be used by every design engineer. It is particu- 
larly useful for evaluation of the ST6210/15 and 
ST6220/25 Microcontrollers as well as for develop- 
ment of simple applications. 


SYSTEM REQUIREMENTS 

To use the Starter Kit, you must have a PC-AT 
compatible personnal computer equipped with: 

- Ahard disk and a 5"1/4 diskette drive 

- 640 K of conventional main memory 

- One Parallel Centronic compatible port 

- MS-DOS version 3.10 or higher 


July 1993 
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Using the ST622x STARTER KIT 


The ST621x/2x USER MANUAL gives extensive 
description of the hardware and software aspects 
of the ST6210, ST6215, ST6220 and ST6225 mi- 
crocontrollers. It contains all the information design 
engineers require to design the application hard- 
ware and the ST6210/15 source software. 


The enclosed ST6 Assembler enables the trans- 
formation of the ASCII source file into an ex- 
ecutable file. The ST6 Assembler documentation 
is located in the ST6 SOFTWARE DEVELOP- 
MENT TOOLS USER MANUAL. 


Smart programming implies the use of several 
modules, each of them performing an elementary 
task. Because each module can be quickly indi- 
vidually tested and debugged, the overall debug 
time is drastically reduced thus speeding the de- 
velopment of bug free application software. The 
ST6 Linker is use to make one program out of sev- 
eral modules. The ST6 SOFTWARE DEVELOP- 
MENT TOOLS USER MANUAL also contains the 
associated documentation. 


Each module, and the linked program, may be 
tested and debugged using the ST6 Simulator, 
also described in the ST6 SOFTWARE DEVELOP- 
MENT TOOLS USER MANUAL. Once debugged, 
the application software can then be regarded as 
functionally working. It can then be programmed 
into an EPROM device using the BASIC PRO- 
GRAMMER described later in this guide. 


Once successfully simulated, application soft- 
ware must be tested in circuit in order to check 
that there are no errors due to differences be- 
tween the functional description of the environ- 
ment and the real operating conditions. This test 
can be made by plugging an EPROM device into 
the application hardware and performing stand- 
ard hardware debugging. However, high level 
applications require a Real Time Development 
Tools to be used (see data sheet in the 
ST621x/2x USER MANUAL). 


The last step in developping an ST62 application 
consists of checking the validity of the complete 
product specification by making prototypes. The 
One Time Programmable devices (OTP) available 
in the ST62 family are well suited to such field tests. 


The user is then ready to go into production using 
either the economical ST62T1x/T2x OTPs or 
masked ROM devices. 


ORDERING INFORMATION 


Complete kit for operation 
from 220Vac mains 
Complete kit for operation 
from 110Vac mains 


Complete kit for operation in 
UK 


~ Sales Type 


$16220-KIT/220 


$16220-KIT/110 


ST6220-KIT/UK 
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STARTER KIT FOR ST622x MCU FAMILY 


HARDWARE FEATURES 

= Immediate evaluation of ST62E25 with demonstration examples 

= Program debugging by connection of an application environment to the board 
= On board programming of ST62E20, ST62T20, ST62E25 and ST62T25 

= In-circuit programming of ST62E2x and ST62T2x through the Starter Kit 


SOFTWARE FEATURES 

= Software simulator including I/O read/write 
= Assembler, linker, debugger 

= EPROM/OTP programming utilities 

= Application examples 
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ST622x - KIT 


1 DESCRIPTION 


The ST622x Starter Kit can be used for evaluation, simulation and emulation purposes. First, 
it can be used to demonstrate the capabilities of the ST6225. It is only necessary to connect 
the supply to the board and to load the demonstration software provided with the Kit into the 
ST62E25 sample. 

The same board can be used as a hardware interiaes to the software simulator when - 
connected to the PC. Analog or digital values from the ST622x I/O pins can also be loaded 
directly to the simulator. 

Once the program is successfully simulated, it can be loaded in a ST62E25 or ST62E20 by 
using the on-board programmer (DIL packaged devices only). The application environment 
can be connected to the Starter Kit via the I/O connector to perform a full evaluation of the 
user application. 

In addition, an in-circuit programming facility is provided with the Kit to enable programming, 
via the Starter Kit board, of any ST62E2x (EPROM) or ST62T2x (OTP) already mounted in 
the user application board. 


Hardware items 


The Kit includes 2 samples of ST62E25, 2 samples of ST62E20, an RS232 interface, a 
temperature control circuit, a trimmer, a set of LED and buttons, all cables plus a power 
supply. Pins are available for direct connection to an external user application. The board is 
connected to the PC via the parallel port. 


Software items 


The diskette provided with this kit includes an enhanced simulator including I/O read/write, 
assembler, linker, EPROM/OTP ST6 programming facilities and demonstration examples. 


Documentation 


A full set of documents is provided with the Kit including the ST622x data book, a Kit guide 
and the ST62/63 Software Development Tools user manual. 


System requirement 


The ST622x Starter Kit communicates with a PC-AT compatible Personal Computer 
equipped with a hard disk and a 5 1/4" diskette drive, 640k of conventional memory, one 
parallel Centronic compatible port and MS-DOS version 3.10 or higher. 


Bulletin Board Systems 


Upgrades of Software Tools, example code and documentation are available to Registered 
users through the SGS-THOMSON Bulletin Board Systems (BBSs). These are accessible by 
Modem at the following numbers: 


= /n the USA: 
(1) 708 517-1898 2400 baud (v22bis). 8-bits, No Parity, 1 Stop bit (8,N,1) 


= /n Europe: 

Micros Technical Support Hotline (France): (+33) 76 48 99 28 
9600 baud (V32) and lower, 8,N,1 

Microcontroller Support (France): (+33) 42 29 14 16 
9600 baud (V32) and lower, 8,N,1 
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ST622x - KIT 


DESCRIPTION (Continued) 
Figure 1. Block Diagram of ST622X Starter Kit 
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Kit Contents 


ST622x STARTER KIT Board: - Typical application board based on ST6225 MCU 


- MCU Peripherals evaluation/emulation facilities 

- ST622x EPROM/EEPROM programming functions 
- "In Situ" connector for any ST622x programming 

- Power supply and PC-AT connection cable 


SOFTWARE TOOLS: - AST6/LST6 ST6 family assembler/linker 


- SIMST6 simulator software performing dedicated access to 
the board MCU peripherals 


- ST622xPG EPROM/EEPROM programming software 


ST622x APPLICATION ROUTINES: - Demonstration programs 


- Basic subroutines library 


ASSOCIATED DOCUMENTS: - STARTER KIT GUIDE 
- ST6 SOFTWARE TOOLS MANUAL (DBST6SOFTOST/1) 
- ST6 PROGRAMMING MANUAL (DBST6ST/3) 
- §T622x family DATA BOOK (DBST6ST/3) 
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2 HARDWARE DESCRIPTION 


2.1 Board overview 


1 - IN CIRCUIT programming connector J1 

2 - PC station connector P1 (for links to simulator and programming softwares) 
3 - 8 Mhz crystal oscillator 

4-10 Kohms trimer including jumper W4-PA5 

5 - Power supply JACK connector J3 and JP1 pads 

6 - Power supply LED indicator LD1 

7 - Heater resistor power LED indicator LD2 

8 - Heater resistor circuit including jumper W6-TIMER 

9 - Thermistor circuit including jumper W5-PA4 

10 - "+" and "-" pushbuttons including jumpers W8-PB4 and W9-PB3 
11 - RESET pushbutton 

12 - Demonstration routine selector including jumpers W10 

13 - RS232 interface circuit and connector including jumpers W7 

14 - 4 LEDs Level indicator including jumpers W3 

15 - DIL 20-28 MCU socket 

16 - User's I/O interface connector J2 

17 -"ST6220" or "ST6225" device selection jumpers W1 

18 - "Programming" or "User" operating mode selection jumpers W2 
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Board Overview 


Figure 2 
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ORDERING INFORMATION TABLE —_, 


ST6220-KIT/220 
ST6220-KIT/110 
ST6220-KIT/UK 
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STARTER KIT FOR ST626x MCU FAMILY 


HARDWARE FEATURES 

m™ Immediate evaluation of ST62E65 with demonstration examples 

Program debugging by connection of an application environment to the board 
On board programming of ST62E60, ST62T60, ST62E65 and ST62T65 
In-circuit programming of ST62E6x and ST62T6x through the Starter Kit 


SOFTWARE FEATURES 

= Software simulator including I/O read/write 
=™ Assembler, linker, debugger 

= EPROM/OTP.programming utilities 

= Application examples 
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ST626x - KIT 


1 DESCRIPTION 


The ST626x Starter Kit can be used for evaluation, simulation and emulation purposes. First, 
it can be used to demonstrate the capabilities of the ST6265. It is only necessary to connect 
the supply to the board and to load the demonstration software provided with the Kit into the 
ST62E65 sample. 

The same board can be used as a hardware interface to the software simulator when 
connected to the PC. Analog or digital values from the ST626x I/O pins can also be loaded 
directly to the simulator. 

Once the program is successfully simulated, it can be loaded in a ST62E65 or ST62E60 by 
using the on-board programmer (DIL packaged devices only). The application environment 
can be connected to the Starter Kit via the I/O connector to perform a full evaluation of the 
user application. 

In addition, an in-circuit programming facility is provided with the Kit to enable programming, 
via the Starter Kit board, of any ST62E6x (EPROM) or ST62T6x (OTP) already mounted in 
the user application board. 


Hardware items 


The Kit includes 2 samples of ST62E65, 2 samples of ST62E60, an audio transducer, an 
RS232 interface, a thermistor, a trimmer, a set of LED and buttons, all cables plus a power 
supply. Pins are available for direct connection to an external user application. The board is 
connected to the PC via the parallel port. 


Software items 


The diskette provided with this kit includes an enhanced simulator including I/O read/write, 
assembler, linker, EPROM/OTP ST6 programming facilities and demonstration examples. 


Documentation 


A full set of documents is provided with the Kit including the ST626x data book, a Kit guide 
and the ST62/63 Software Development Tools user manual. 


System requirement 


The ST626x Starter Kit communicates with a PC. AT compatible Personal Computer . 
equipped with a hard disk and a 5 1/4" diskette drive, 640k of conventional memory, one 
parallel Centronic compatible port and MS-DOS version 3.10 or higher. 


Bulletin Board Systems 


Upgrades of Software Tools, example code and documentation are available to Registered 
users through the SGS-THOMSON Bulletin Board Systems (BBSs). These are accessible by 
Modem at the following numbers: 


# /n the USA: 
(1) 708 517-1898 2400 baud (V22bis), 8-bits, No Parity, 1 Stop bit (8,N,1) 


m /n Europe: 

Micros Technical Support Hotline (France): (+33) 76 48 99 28 
9600 baud (V32) and lower, 8,N,1 

Microcontroller Support (France): (+33) 42 291416 © 
9600 baud (V32) and lower, 8,N,1 
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DESCRIPTION (Continued) 
Figure 1. Block Diagram of ST626X Starter Kit 
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Kit Contents 


ST626x STARTER KIT Board: - Typical application board based on ST6265 MCU 
. - MCU Peripherals evaluation/emulation facilities 
- ST626x EPROM/EEPROM programming functions 
- "In Situ" connector for any ST626x programming 
- Power supply and PC-AT connection cable 


SOFTWARE TOOLS: - AST6/LST6 ST6 family assembler/linker 


- SIMST6 simulator software performing dedicated access to 
the board MCU peripherals 


- ST626xPG EPROM/EEPROM programming software 


ST626x APPLICATION ROUTINES: - Demonstration programs 


- Basic subroutines library 


ASSOCIATED DOCUMENTS: - STARTER KIT GUIDE 
- ST6 SOFTWARE TOOLS MANUAL (DBST6SOFTOST/1) 
- ST6 PROGRAMMING MANUAL (DBST6ST/3) 
- ST626x family DATA BOOK (DBST6ST/3) 


G7 SGS-THOMSON ie 
SF, MICROELECTRONICS 
287 


ST626x - KIT 


2 HARDWARE DESCRIPTION 


2.1 Board overview 


1 - IN CIRCUIT programming connector J1 

2 -"ST6260" or "ST6265" device selection jumpers W4 

3 - 8 Mhz crystal oscillator 

4-PC connector P1 (for links to simulator and programming software) 
5 - Audio Transducer circuit (Buzzer) including jumpers W5 

6 - 10 Kohm trimmer and jumpers W6 

7 - Power supply JACK connector J3 

8 - Power supply connector J4 

9 - Power supply LED indicator 

10 - "+" and "-" pushbuttons and jumpers W8 

11 - DAC integrator circuit including jumpers W2 

12 - "Programming" or "User" operating mode selection jumpers W1 
13 - 5 LED Level indicator including jumpers W3 

14 - DIL 20-28 MCU socket 

15 - User's I/O interface connector J2 

16 - RS232 interface circuit and connector including jumpers W7 
17 - Demonstration routine selector (jumpers W10) 

18 - Thermistor circuit including jumpers W9 

19 - RESET pushbuttons and jumpers W8 


Note: DAC is a Digital to Analog Conversion circuit. 
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Figure 2. Board Overview 


NOIL2373S5 


aaa ip SOINOULITTIOUDI © 
NOSWOHL-S3S 


m9sesis 
sg2als 


ESd 
h@d 


7 FHEe 


“AIONI 207 
@ead 
v8d i 
2ed 


° ° oO ° 
908d LINasIA, NI 


i 


we 


a 
aa ee LIN NSLYHVLS KEeS91L5 


@ 
© 
@ 
# 

~O 
© 
© 
@) 
@ 
© 


OO@ @OO@®® @ ®@ 


5/6 
289 


MICROELECTRONICS 


ISTA SGS-THOMSON 


ST626x - KIT 


ORDERING INFORMATION TABLE 


ST6260-KIT/220 | 
ST6260-KIT/110 Complete kit for operation from 110 Vac mains 


ST6260-KIT/UK Complete kit for operation in United Kingdom 
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_STARTER KIT FOR ST624x MCU FAMILY 


HARDWARE FEATURES 
= Immediate evaluation of ST62E40 with a demon- 
stration examples 


=» Program debugging by connection of an applica- 
tion environment to the board 


= On board programming of ST62E40 and 
ST62T40 


= In-circuit programming of ST62E4x and 
ST62T4x through the Starter Kit 


SOFTWARE FEATURES 


= Software simulator including LCD display and I/O 
read/write 


= Assembler, linker, debugger 
= EPROM/OTP programming utilities 
m Application examples 
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ST6210/ST67:: 
S16220/ST6?:: 


PRELIMINARY DATA 


DESCRIPTION 


The ST6240 Starter Kit can be used for evaluation, 
simulation and emulation purposes. First, it can be 
used to demonstrate the capabilites of the ST6240. 
It is only necessary to connect the supply to the 
board and to load the demonstration software pro- 
vided with the Kit into the ST62E40 sample; LCD 
and keyboard interfacing can be immediately 
evaluated. 


The same board can be used as a hardware inter- 
face to the software simulator when connected to 
the PC, allowing display values from the simulator 
to be displayed directly on the LCD. Analog or 
digital values from the ST624x I/O pins can also be 
loaded directly to the simulator. 


ST6240 L ae 
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DESCRIPTION (Continued) 


Once the program is successfully simulated, it can 
be loaded in the ST62E40 sample with the on- 
board programmer. 

The application environment can be connected to 
the Starter Kit via the I/O connector to perform a 
full evaluation of the user application. 


In addition, since the LCD is connected to the PCB 
via a socket, it can easily be removed and replaced 
by a customized LCD. 


QFP packages are difficult to handle manually, so 
an in-circuit programming facility is provided with 
the Kit to enable programming, via the Starter Kit 
board, of any ST62E4x (EPROM) or ST62T4x 
(OTP) already soldered in the user application 
poeta: 


Hardware items 


The Kit PCB includes a QFP80 socket, a 16 key 
keyboard, a 32 segment x 4LCD, an ST62E40 and 
cables plus a power supply. 


Pins are available for direct connection to an appli- 
cation. 


The board is connected to the PC via the parallel 
port. 


Block Diagram of ST6240 Starter Kit 


PARALLEL 
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TO 
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Software items 


The diskette provided with this kit includes an en- 
hanced simulator including control of the external 
LCD display and I/O read/write, assembler, linker, 
debugger, EPROM/OTP ST6 programming facili- 
ties and demonstration examples. 


Documentation 


A full set of documents is provided with the Kit 
including the ST62 LCD drive data book, a Kit guide 
and the ST62/63 Software Development Tools user 
manual. 


System requirement 


The ST624x Starter Kit communicates with a PC- 
AT compatible Personal Computer equipped with 
a hard disk and a 5"1/4 diskette drive, 640k of 
conventional memory, one parallel Centronic port 
and MS-DOS version 3.10 or higher. 


Ordering information 


Complete kit for operation from 
110Vac mains 
ST6240-KIT/UK Complete kit for operation in UK 
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SOFTWARE DEVELOPMENT TOOLS 


= Includes: 
— Macro assembler 
— Linker 
— Software simulator 
= Runs on MS-DOS systems 
= Window based graphic interface 
= Extensive symbol manipulation 


GENERAL DESCRIPTION 


Full software development tools is achieved using 
the ST6 Software Development Tools consisting of 
a powerful macro assembler, a linker and a soft- 
ware simulator. 


The ST6 Macro assembler accepts a source file 
written in ST6 assembly language using any text 
editor package and transforms it in an ST6 ex- 
ecutable file. 


To enable good testability and fast debugging, 
many application software are made up of several 
modules, each of them performing an elementary 


Figure 1. Development Flow Chart 


SOURCE CODE 


I 
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OBJECT FILE 
SYMBOL TABLE 


LST6 
LINKER 


HEXADECIMAL FILE 
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task. Each module is assembled independently of 
the others, thus producing a number of object files. 
The ST6 Linker combines these object files into a 
single executable program. Both object format and 
hexadecimal format are produced. The hexadeci- 
mal file is used to program an EPROM while the 
object file is used to run the simulator or the debug- 
ger. 


The ST6 Software Simulator allows the user to 
debug and execute any executable program writ- 
ten for any member of the ST62/ST63 family of 
microcontrollers without the aid of additional hard- 
ware. 


Once debugged with the simulator, the program 
can be programmed into an EPROM device by 
using the hexadecimal file and the ST6 program- 
ming board. By plugging the EPROM device into 
the application hardware, simple applications can 
be debugged without the need of an emulator. 


The ST6 Hardware Development Tools are re- 
quired where high performance debugging is 
needed. 


"INCLUDE" FILE (SOURCE) 


AST6 
MACRO ASSEMBLER 


LISTING 


MAP LISTING 
TRACE LISTING 


OBJECT FILE 
SYMBOL TABLE 
EPROM 
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ST6 ASSEMBLER 
= Macro call and conditional assembly 


= Extensive symbol manipulation 
= Error diagnostics 


General Description 


The ST6 Macro assembler accepts a source file 
written in ST6 assembly language and transforms 


Figure 2. AST6 Directives 
ASCII 


it into an executable file in relocatable object code 
format. When the whole program is in one file only, 
the assembler also generates an hexadecimal file 
(INTEL hex format) ready to be programmed into 
an EPROM device. 


The assembler recognizes the use of section, sym- 
bols, macros and conditional assembly directives. 
In addition, the ST6 Assembler is able to produce 
detailed assembly listing and symbol cross refer- 
ence file. 


Stores in program space a string as a sequence of ASCII codes 


ASCIZ 
-BLOCK 
BYTE 
-DEF 
-DISPLAY 
-.DP_ON 
EJECT 
-ELSE 
-END 
-ENDC 
-ENDM 
-EQU 
-ERROR 
-EXTERN 
IFC 
INPUT 
-GLOBAL 
‘-LABEL.W 
-LABEL.D 
-LINESIZE 
LIST 
MACRO 
MEXIT 


Same as .ASCII followed by a null character 
Reserves a block of contiguous memory location 
Stores successive bytes of data in program space 
Defines the characteristics of a data space location 
Displays a string during assembly process 
Segments the data space 

Starts a new listing page 


- Beginning of the alternative part in conditional assembly block 


End of source file 

End of conditional assembly block 

End of a macro definition 

Assigns the value of an expression to a label 

User defined assembly error 

Defines a symbol as external 

Beginning of conditional assembly block 

Includes an additional source file in the present one 
Defines a symbol as global 

Initializes Data ROM Window Register 

Gains access to a label in a Data ROM Window 
Set listing line length 

Enables the listing of specified fields of the source file 
Beginning of a macro definition 

End of a macro expansion 


-.NOTRANSMIT Inhibits symbol transmission to the linker 


‘SECTION 
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Set current location counter 

Specifies the page number in data space 
Set listing page length 

Segments the program space in 2K pages 
Defines the available ROM size 


Provides a logical partitioning of program space 
-SET Same as .EQU, but can be redefined in the source file 
AITLE Assigns title to the document 
-TRANSMIT — Transmits symbol definitions to the linker 
.VERS Defines the target ST6 device 
.WARNING User defined assembly warning 
.WINDOW Defines a continuous relocatable block of program code 
.W_ON Enables the use of the .WINDOW directive 
.WORD Stores successive words of data in program space 
a SGS-THOMSON 
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ST6 LINKER 


= Links up to 32 modules 

= Extensive symbol manipulation 

= 33 sections (including interrupt vectors) 
= Error diagnostics 


The ST6 Linker is responsible for combining a 
number of object files into a single program, asso- 
ciating an absolute address to each section of 
code, and resolving any external references. 


The ST6 Linker produces an hexadecimal file in 
INTEL format to be down loaded into an EPROM 
device and an object code file to be used with the 
simulator. The linker also produces a map file which 
gives information about the sections, pages, mod- 
ules and labels. Finally, listing files are produced 
which update the assembler listings with real ad- 
dresses of symbols and statements. 


This software program allows the user to develop 
modular programs, which may then be combined 
and addressed as defined by the user. The flexibil- 
ity of the ST6 Linker is greatly increased by the use 
of sections allowing the user to group pieces of 
software from different modules. The location and 
the size of each section is user selectable. 


ORDERING INFORMATION 


ST6 software development tools 
ST6-SW (includes assembler, linker and emulator) 


ST6-SW 


~ 
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ST6 SIMULATOR 


= Window based graphic interface 

= On line assembler/disassembler 

= Supports symbolic debugging 

= 128 breakpoints and 128 software traps 
= TRACE mode 

a 1/0 and CLOCK simulation 


SIMST6 allows the user to debug and execute any 
program written for any of the current and future 
members of the ST6 family of microcontrollers, 
without the aid of additional hardware. 


The user specifies the target device, its mapping 
and the object code file to be used. The simulator 
functionally duplicates the operation of the ST6 and 
completely supports the instruction set. I/O chan- 
nels may be opened, read, and written, in order to 
simulate the I/O functions of peripherals, while 
interrupts may be set, and then set pending, in 
order to simulate the handling of interrupts. The 
simulator uses the clock frequency assigned by the 
user, along with the number of clock cycles needed 
by each instruction to keep track of the real time 
execution speed. 


The ST6 Simulator accepts command lines in both 
interactive and batch mode. 


Note : The ST6 software package is included in all ST6xxx-EMU real time develoment tools. 
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ST6xxx-EMU 


REAL TIME DEVELOPMENT TOOLS 


HARDWARE FEATURES 


= Supports ST62xx and ST63xx family 
= Real time emulation 


= 32 KBytes of emulation memory 
= Breakpoints on up to 256 events 


= Events can be defined on program space, data 
space and on up to 4 external signals 


= 1K of real trace memory 


= Tracing of up to 32 bits including 4 external 
signals 
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SOFTWARE FEATURES 

= Symbolic debugger 

= Window based interface 

= On line assembler/disassembler _ 

= Log files capable of storing any displayed screen 


= Command files able to execute a set of debugger 
commands 
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ST6xxx-EMU 


GENERAL DESCRIPTION 


The ST6 Real Time Development System is an 
advanced hardware development system de- 
signed and configured to provide comprehensive 
support for the ST6 family of MCU’s. 


The mainframe consists of a basic part, common 
to all ST6 devices, and one (ST62 sub family) or 
two (ST63 sub family) dedicated board depending 
of specific device to emulate. Only the dedicated 
boards have to be changed to emulate a new 
device within the ST62/ST63 subfamilies. 


The software part of the real time emulation tool is 
the symbolic debugger. It can be run on a PC 
compatible system and is common to all 
ST62/ST63 devices. It drives the emulator main- 
frame through an RS232 channel. The debugger 
uses a windowed menu driven user interface and 
enables the user to set the configuration of the 
emulator. 


Once assembled and eventually linked and de- 
bugged by using the simulator, the application soft- 
ware is ready to be down loaded into the ST6-EMU. 
The device probe is connected into the application 
hardware. The development station will perform a 
real time emulation of the target device, thus allow- 
ing high performance test and debugging of both 
application hardware and software. 


The breakpoints allow user to stop the MCU when 
the application software reaches selected ad- 
dresses and/or addresses within a selected ranges 
and/or on data fetch (or read or write or both) 
cycles. The user is then able to read and modify 
any register and memory location. An on line as- 
sembler/disassembler is also available to ease the 
debugging. 


The logic analyser can be used when real time 
emulation is needed. It allows to display the last 
1024 cycles. The displayed cycles are either fetch 
cycles only or fetch cycles and data space ac- 
cesses. Addresses, data, control/status bits and 4 
user signals are displayed using mnemonic and 
user symbols. 


Such a powerful tool enables the user to detect and 
trap any pattern and thus quickly debug the appli- 
cation. The trapping of random patterns is greatly 
improved by the capability to quit the emulation 
session while the emulator continue to run the 
application software. When the user re-enters the 
debugger, the emulation session resumes and in- 
formation about any events of interest will be 
flashed to the screen in the form of a message. 


Log files offer the ability to send any screen display 
to a text file. In particular, log files are very useful 
to save the contents of the logic analyser and/or 
the contents of data registers to be analysed or 
printed. 


Command files can be used to execute a set of 
debugger commands in order to ease and speed 
up the emulation session. 


A powerful help facility can be called at any time to 
give additional information about the commands, 
the processor or the emulator. 


When the program is fully debugged, the ST6 
EPROM remote programming board can be used 
to program the emulation device with the INTEL 
hex format file produced by the linker. 


2/4 = 
—____—_—___—_—__— hyy 3§S;THOMSON 


300 


Figure 1. SDBST6 Command Summary 


CB 


DL 
DM 


DR 

DS 

FM 

GO 
GRAPH 
HELP 
HWTEST 
LOAD 
LCONF 
MOVE 
NEXT 
PM 
QUIT 
RESET 
SAVE 
SB 
SCONF 
SEARCH 
REM 
SET 

SR 
TRACE 
USE 
WR 
UPLOAD 


One Line Assembler 

Change base of numbers 
Display/set breakpoint 

Clear breakpoints 

Compare memory 

Display memory in listing ASM form 
Display/change memory 
Branch to DOS 
Display/change registers 
Display symbol table 

Fill memory with pattern 

Start user program 

Return to GRAPHIC interface 
Call HELP utility 

Execute diagnostic test 

Load memory from a file 

Load data pages configuration 
Move memory block 
Single/multi step mode 
Display/change paged Data ROM locations 
Abandon the program 

Reset ST6 core dedications 
Save memory into a file 


Set address breakpoints 


Save data pages configuration 


Search pattern in memory 

Put comment in a log file 

Set system options 

Set register 

Display traced execution 

Execute command file 

Display current Working Register set 
Copy ROMulator into HOST 
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ST6xxx-EMU 


ORDERING INFORMATION 


: Complete emulator package for ST6240 devices 
$16240-EMU (including dedicated board and ST6-SW software package) 


: Complete emulator package for ST6242 devices 
siete (including dedicated board and ST6-SW software package) 


: Complete emulator package for ST6245 devices 

ST6245-EMU (including dedicated board and ST6-SW software package) 

ST626X-EMU Complete emulator package for ST626XB and ST629X devices 
(including dedicated board and ST6-SW software package) 

ST638X-EMU Complete emulator package for ST636X/7X/8X devices . 
(including dedicated board and ST6-SW software package) 

‘ Complete emulator package for ST631 XX devices 
ST631XX-EMU (including dedicated board and ST6-SW software package) 
$T621X-DBE Separate dedicated board for ST621 XB devices 


ST624X-DBE Separate dedicated board for ST624X devices 
ST626X-DBE Separate dedicated board for ST626X and ST629X devices 


Emulator package for ST6240 devices without probes 
ST624X-EMU (including dedicated board and ST6-SW software packages) 
i Emulator package for ST6280 devices without probes 
nee a (including dedicated board and ST6-SW software packages) 
ST6240-PQFP Probe for ST6240 
ST6242-PQFP Probe for ST6242 


ST6245-PQFP Probe for ST6245 


Note : The emulator power supply can be adjusted to 220V or 110V. 
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EPROM PROGRAMMING BOARDS FOR ST62 MCU FAMILY 


HARDWARE FEATURES 

= Programs the ST62Exx EPROM and OTP MCUs 
= Standalone and PC driven modes 

m All ST62Exx packages are supported 


SOFTWARE FEATURES 
= Menu driven software 
= S19 or INTEL hex file formats 


DESCRIPTION 


Different programming boards are designed for 
programming of the various EPROM and OTP 
devices of the ST62 sub-family. For a particular 
device, all available packages are supported by the 
same programming board. 


It can run either in standalone or remote mode 
under control of a DOS compatible PC. 


In standalone mode, the microcontrollers can be 
programmed with a simple key operation directly 
from a master EPROM device or a master microcon- 
troller. Two colour LEDs indicate the operational 
pass or fail. 


In standalone mode an EPROM memory or a mas- 
ter MCU is plugged into the programming board. 
The code from the EPROM or the master MCU is 
read and programmed into the ST62 EPROM or 
OTP device. Both VERIFY and BLANK CHECK 
functions are provided. 


In remote mode, the programming board is con- 
nected to a DOS compatible PC through an RS232 
serial channel. Object code in either S19 or INTEL 
HEX format is read from disk file to program the 
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ST62Exx-EPB 


ORDERING INFORMATION 


Sales Types “ Supported Devices Supported Packages 


ST62E10 ®) 
ST62T10 © 
ST62E15 ©) 
ST62T15 @ 

ST62E20 ‘ 

ST62T20 2) 
ST62E25 @) 
ST62T25 ©) 


ST62E1X- EPB/XXX 


ST62E40 
ST62E42 
ST62E45 
ST62T40 
ST62T42 
ST62T45 


ST62E4X-EPB/XXX 


ST62E60 
ST62E65 
ST62T60 
ST62T65 
ST62E94 
ST62T94 


ST62E6X-EPB/XXX 


ST6280 


ST62E80 
ST62T80 QFP100 
ST62E85 
ST62T85 


DIP40 
ST631XX-EPB/220 ST631XX DIP28 


Notes : 

1. ST62Exx-EPB/110 : 110V Power Supply 
ST62Exx-EPB/220 : 220V Power Supply 

2. Both /HWD and /SWD options are supported 


J 
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ST62Exx-GP 


GANG PROGRAMMERS FOR ST62 MCU FAMILY 


HARDWARE FEATURES 


= Programs simultaneously up to 10 ST62Exx 
EPROM and OTP MCUs 


= Standalone and PC driven modes 
« DIP and SO packages supported 


SOFTWARE FEATURES 
= Menu driven software 
= S19 or INTEL hex file format 


DESCRIPTION .- 


The ST62 gang programmers are designed for 
programming up to 10 EPROM or OTP devices. It 
can run either in standalone or remote mode under 
control of a DOS compatible PC. 


In standalone mode, the target ST62 MCUs are 
programmed with a simple key operation directly 
from a master EPROM memory or from a master 
EPROM MCU. Two color LEDs indicate for each 
target device the operational pass or fail. Both 
VERIFY and BLANK CHECK functions are pro- 
vided. 


In Remote mode, the gang programmer is con- 
nected to a DOS compatible PC through an RS232 
serial channel. Object code in either $19 or INTEL 
HEX format is read from disk files to program the 
target devices. The menu driven software also 
offers VERIFY, BLANK CHECK, READ master and 
other utility functions. 


The gang programmer is made up of a two parts, 
a base unit common to all ST62XX devices and a 
dedicated package adaptator. 
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ST62Exx-GANG 


ORDERING INFORMATION 


Sales Types Supported Devices “” Supported Packages 


ST62E10 

$T62E10-GP/DIP Gang Programmer ie DIP20 
| ST62T20 
ST62E10 

ST62E10-GP/SO S020 


ST62T10 


Gang Programmer ST62E20 


ST62T20 
ST62E15 
ST62T15 
ST62E15-GP/DIP Gang Programmer ST62E25 DIP28 
ST62T25 


ST62E15 
ST62T25 


Note 1. Both /HWD and /SWD options are supported. 


Dedicated Gang Programmers (suffix /GP) are deliv- * able under the sales types given above, but with 
ered including one dedication module (Suffix /GPA). /GP replaced by /GPA, allowing the use of another 
Alternative device dedication modules are avail- device type or package with the same Programmer. 
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INTRODUCTION 


This manual deals with the description of the in- 
struction set and addressing modes of ST62,63 
microcontroller series. The manual is divided in 
two main sections. The first one includes, after a 
general family description, the addressing modes 
description. The second section includes the de- 
tailed description of ST62,63 instruction set. Each 
instruction is described in detail with the differ- 
ences between each STE6 series. 

ST6 software has been designed to fully use the 
hardware in the most efficient way possible while 
keeping byte usage to a minimum; in short to pro- 
vide byte efficient programming capability. 


Table 1. ST62,63 Series Core Characteristics 


ST62,63 Series 


64 byte em 
64 byte pages 
in ROM 
Reset if A> Source 
Set if A < Source 


Carry Flag CP 
Instruction 
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PROGRAMMING MODEL 


It is useful at this stage to outline the programming 
model of the ST62,63 series, by which we mean 
the available memory spaces, their relation to one 
another, the interrupt philosophy and so on. 


Memory Spaces. The ST6 devices have three dif- 
ferent memory spaces: data, program and stack. 
All addressing modes are memory space specific 
so there is no need for the user to specify which 
space is being used as in more complex systems. 
The stack space, which is used automatically with 
subroutine and interrupt management for program 
counter storage, is not accessible to the user. 


Figure 1. ST6 Family Programming Model 


b7 XREG.POINTER b0 
INDEX SHORT 
nears | b7 YREG. POINTER. bo| | DIRECT 
ADDRESSING 


b7 V REGISTER bo MODE 
b7 | WREGISTER bo 


b7 ACCUMULATOR _ b0 


b11 PROGRAM COUNTER b0 


SIX LEVELS 
STACK REGISTER 


NORMAL FLAGS 


INTERRUPT FLAGS 


NMI FLAGS 
VA000423 
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PROGRAMMING MODEL (Continued) 
Figure 2. ST62 Data Space Example Figure 3. ST62 Program Memory Example 


NOT IMPLEMENTED 


RESERVED 


USER PROGRAM ROM 
1828 BYTES 


NOT IMPLEMENTED 


DATA ROM/EPROM WINDOW 
64 BYTE 


DATA RAM 60 BYTES 


RESERVED 


Data Memory Space. The following registers in the 
RESERVED data space have fixed addresses which are hard- 
ware selected so as to decrease access times and 
reduce addressing requirements and hence pro- 


gram length. The Accumulator is an 8 bit register in 


location OFFH. The X, Y, V & W registers have the 
addresses 80H-83H respectively. These are used 
for short direct addressing, reducing byte require- 
ments in the program while the first two, X & Y, can 
also be used as index registers in the indirect 
addressing mode. These registers are part of the 
data RAM space. In the ST62 and ST69 for data 
space ROM a 6 bit (64 bytes addressing) window 
multiplexing in program ROM is available through 
a dedicated data ROM banking register. 


RESERVED 


A/D INTERRUPT 
TIMER INTERRUPT 


INTERRUPT VECTOR #2 
PORT B & C INTERRUPT 
INTERRUPT VECTOR #1 
PORT AINTERRUPT 
RESERVED 
INTERRUPT VECTOR #0 
NMI INTERRUPT 
USER RESET VECTOR 


‘ 


On EPROM versions there are no re- 
served areas. These reserved bytes are 
present on ROM/OTP versions. 


RESERVED 


ACCUMULATOR 
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PROGRAMMING MODEL (Continued) 


For data RAM and 1/O expansion the lowest 64 
bytes of data space (OOH-03FH) are paged through 
a data RAM banking register. 


Self-check Interrupt Vector FF8H & FF9H: 
jp (self-check interrupt routine) 


Ajump instruction to the reset and interrupt routines 
must be written into these locations. 


ST62 & ST63 Program Memory Space. The ST62 
and ST63 devices can directly address up to 4K 
bytes (program counter is 12-bit wide). A greater 
ROM size is obtained by paging the lower 2K of the 
program ROM through a dedicated banking regis- 
ter located in the data space. The higher 2K of the 
program ROM can be seen as static and contains 
the reset, NMI and interrupt vectors at the following 
fixed locations: 


Reset Vector FFEH & FFFH: 
jp (reset routine) 


NMI Interrupt Vector FFCH & FFDH: 
jp (NMI routine) 


Non user Vector FFAH & FFBH 
Non user Vector FF8H & FF9H 
Interrupt #1 Vector FF6H & FF7H jp (Int 1 routine) 
Interrupt #2 Vector FF4H & FF5H jp (Int 2 routine) 
Interrupt #3 Vector FF2H & FF3H jp (Int 3 routine) 
Interrupt #4 Vector FFOH & FF1H jp (Int 4 routine) 


. Program Counter & Stack Area. The program 
counter is a twelve bit counter register since it has 
to cover a direct addressing of 4K byte program 
memory space. When an interrupt or a subroutine 
occurs the current PC value is forward "pushed" 
into a deep LIFO stacking area. On the return from 
the routine the top (last in) PC value is "popped" 
out and becomes the current PC value. The 
5160/61 series offer a 4-word deep stack for pro- 
gram counter storage during interrupt and sub-rou- 
tines calls. In the ST62 and ST63 series the stack 
is 6-word deep. 


Status Flags. Three pairs of status flags, each pair 
consisting of a Zero flag and a Carry flag, are 
available. In the ST62 and ST63 an additional third 
set is available. One pair monitors the normal 
status while the se-cond monitors the state during 


interrupts; the third flags set monitors the status 
during Non Maskable interrupt: servicing. The 
switching from one set to another one is automatic 
as the interrupt requests (or NMI request for 
ST62,ST63 only) are acknowledged and when the 
program returns after an interrupt service routine. 
After reset, NMI set is active, until the first RETI 
instruction is executed. 


ST62 & ST63 Interrupt Description. The ST62 
and ST63 devices have 5 user interrupt vectors 
(plus one vector for testing purposes). Interrupt 
vector #0 is connected to the not maskable interrupt 
input of the core. Interrupts from #1 to #4 can be 
connected to different on-chip and external sources 
(see individual datasheets for detailed information). 
All interrupts can be globally disabled through the 
interrupt option register. After the reset ST62 and 
ST63 devices are in NMI mode, so no other inter- 
rupts can be accepted and the NMI flags set is in 
use, until the RETI instruction is performed. If an 
interrupt is detected, a special cycle will be ex- 
ecuted, during this cycle the program counter is 
loaded with the related interrupt vector address. 
NMI can interrupt other interrupt routines at any 
time while normal interrupt can’t interrupt each 
other. If more then one interrupt is waiting service, 
they will be accepted according to their priority. 
Interrupt #1 has the highest priority while interrupt 
#4 the lowest. This priority relationship is fixed. 


Figure 2. ST62 & ST63 Stack Area 


WHEN CALL OR INTERRUPT 
REQUEST OCCURS 


STACK LEVEL 2 
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ADDRESSING MODES 


The ST6 family gives the user nine addressing 
modes for access to data locations. Some of these 
are specifically tailored to particular instruction 
types or groups while others are designed to re- 
duce program length and operating time by using 
the hardware facilities such as the X, Y, V & W 
registers. The data locations can be in either the 
program memory space or the data memory space 
when the ST6 is operating due to user software. In 
addition the ST6 has a stack space for the 12 bit 
‘program counter but this is controlled by internal 
programming and is not accessible by the user. 
This section will describe all the addressing modes 
which are provided to the user. The following is the 
complete list of the ST6 available addressing 
modes: 


- Inherent 

- Direct 

- Short Direct - 

- Indirect 

- Immediate 

- Program Counter Relative 
- Extended 

- Bit Direct 

- Bit Test & Branch 


Inherent. For instructions using the inherent ad- 
dressing mode the opcode contains all the informa- 
tion necessary for execution. All instructions using 
this mode are One Byte instructions. 


Program Memory Data Memory 


OPC 


Example: 


avcin [comme 
WAIT Puts ST6 into the low power WAIT mode 


STOP Puts the ST6 into the lowest power 
mode 


Returns from interrupt. Pops the PC 
from the PC stack.Sets the normal set 
of flags 


Direct. In the direct addressing mode the address 
of the data is given by the program memory byte 
immediately following the opcode. This data loca- 
tion is in the data memory space. All instructions 
using this mode are Two Bytes instructions, lasting 
Four Cycles. 


Program Memory Data Memory 


OPERAND 


O.A = Operand Address 


OPC = Opcode 


Example: 


Loads the accumulator with the value 
found in location A3H in the data 
space. 


LD A,OA3H 


SUB A,11H 


The value found in locations 11H in 
the data memory is subtracted from 
the value in the accumulator. 


OPC = Opcode 
4/43 
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ADDRESSING MODES (Continued) 


Short Direct. ST6 core has four fixed location 
registers in the data space which may be ad- 
dressed in a short direct manner. The addresses 
and names of these registers are 80H (X), 81H (Y), 
82H (V) and 83H (W). When using this addressing 
mode the data is in one of these registers and the 
address is a part of the opcode. All instructions 
using this mode are One Byte instructions, lasting 
Four Cycles. 


Program Memory 


Data Memory 


OPC = Opcode 
O.A .= Operand Address 


Example: 


IDAX The value of the X register (80H) is 
: loaded into the accumulator. 
INC X The X register is incremented. 


Indirect. The indirect mode must use either the X 
(80H) or Y (81H) register. This register contains the 
address of the data. The operand is at the data 
space address pointed to by the content of X or Y 
registers. All instructions using this mode are One 
Byte instructions, lasting Four Cycles. 
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Program Memory 


Data Memory 


OPC & R.A. 


OPC = Opcode 
R.A. = Register Address 


Example: 


; The value in the registers pointed to by 

LD A,(X) the X register is loaded into the 
accumulator. 
The value in the register pointed to by 

ADDA,(Y) _ .| the Y register is added to the 
accumulator value. 

INC (Y) The value in the register pointed to by 
the Y register is incremented. 


Immediate. In the immediate addressing mode the 
operand is found in the program ROM in a byte 
which is the last byte of the instruction. This ad- 
dressing mode can be used for initializing data 
space registers and supplying constants. Instruc- 
tions using this mode can be Two or Three Bytes 
instructions, lasting Four Cycles. 


Program Memory 


Data Memory 


DESTINATION 


OPERAND 


OPC = Opcode 
D.A. = Destination Address 
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ADDRESSING MODES (Continued) 
Example: 


arcion [Somme 
Loads immediate value DFH into 

pie a data space location 34H. 

SUBIA,22H The immediate value 22H is sub- 
tracted from the acc. 


Program Counter Relative. This addressing 
mode is used only with conditional branches within 
the program. The opcode byte contains the data 
which is a fixed offset value. This offset is added to 
the program counter to give the address of the next 
instruction. The offset can have any value in the 
range -15 to +16. It is determined by the last five 
bits of the opcode. All instructions using this mode 
are One Byte Instructions, lasting Two Cycles. 


Program Memory 


OPC & D.A. 
NEXT INSTRUC. 


CURRENT PC 


OPC = Opcode 
D.A. = Destination Address 


JRC 3 If the carry flag is set then PC = PC+3 


Example: 


If the zero flag is not set (i.e the result 
of a previous instruction is not zero) 
then PC = PC-7 


JRNZ -7 


The relative jump address can be also a label that 
is automatically handled by the assembler. 


Extended. The extended addressing mode is used 
to make long jumps within the program memory 
space (4K). The data requires 12 bits and is pro- 
vided by half of the opcode byte and all of the 
second byte. All instructions using this mode are 
Two Bytes instructions, lasting Four Cycles. 


Program Memory 


OPC & 12 CURRENT PC 


BIT ADDRESS 


OPC = Opcode 


Example: 


Inroion [commen 
Loads 3FAH into program counter and 
JP SFAH continues with the instruction at S3FAH. 


The current PC is pushed onto the 
stack and PC loaded with the value as- 
sociated to the ROU1 label 


CALL ROU1 


The absolute jump address can be also a label that 
is automatically handled by the assembler. 


Bit Direct. This addressing mode allows the user 
to set or clear any specified bit in a data memory 
register. The address of the bit is given in the form: 
"b,R" where b is the number of the bit and Ris the 
address of the register. The bit is determined by 
three bits in the opcode and the register address is 
given by the second byte. All instructions using this - 
mode are Two Byte instructions, lasting Four 
Cycles. 


Program Memory 


OPC & BIT ADD 


Data Memory 


OPC = Opcode 
D.A. = Destination Address 
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ADDRESSING MODES (Continued) 


Example: 


sructon —[oommens 
SET 4,A Sets bit 4 of the accumulator to 1. 
RES 0,PORT Clears bit 0 of PORT register 


The register address can be associated to a label 
that is automatically handled by the assembler. 


Bit Test & Branch. The bit test addressing mode 
is used in conditional jump instructions in which the 
jump depends on the result of a bit test. The opcode 
specifies the bit to be tested, the byte following the 
opcode in the register address in data space, and 
the third byte is the jump displacement, which is in 
the range -126 to +129. This displacement can be 
determined using a label, which is converted by the 
assembler. The state of the tested bit is also copied 


Program Memory 


OPC & BIT ADD 


J.D. 
INSTRUCTION 


OPC = Opcode 
R.A. = Relative Address 
J.D. = Jump Displacement 
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into the carry flag. All instructions using this mode 
are Three Byte instructions, lasting Five Cycles. 


Example: 


If bit three of data memory 
register 

associated to PORT label is 
set then PC=PC+LAB1 
(where LAB? is the jump dis- 
placement associated to a 
label 


JRS 3,PORT,LAB1 


If bit O of data memory regis- 
ter OAH is reset to 0 then 
PC=PC-72. 


JRR 0,0AH,-72 


The register address and the jump displacement 
can be associated to labels that are automatically 
handled by the assembler. 


Data Memory 
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ST62 & ST63 INSTRUCTION SET 


The ST62,63 instructions can be divided function- 
ally into the following seven groups. 


- LOAD AND STORE 

- ARITHMETIC AND LOGIC 
- CONDITIONAL BRANCH 
- JUMP AND CALL 

- BIT MANIPULATION 

- CONTROL 

- IMPLIED 


The following summary shows the instructions be- 
longing to each group, the number of operands 
required for each instructions and the number of 
machine cycles. The flag behaviour is usually the 
same for both ST62 and ST63. The only difference 
is present for CP and SUB instructions as specified 
in the detailed description. 


Table 2. Load & Store Instructions 


iran | ore | cree | 
LD 1 4 
LD rr 2 4 
2 | 4 
3 4 
Notes: A: Affected 
Table 3. Arithmetic & Logic Instructions 


*: Not Affected 
matin | ee 


ADD 2 
ADD(xY) | 14 
ADDI 2 
AND 2 
AND (X,Y) 1 
ANDI 2 
CLRA 2 
CLR 3 
COM 1 


Cycles 


pee ee eo ln 
a 


teen] gE 


atin | one | 


CP 
CP (X,Y) 
CPI 
DEC 
DEC A/rr 
INC 
INC A/rr 
RLC 
SLA 
SUB 
SUB (X,Y) 
SUBI 


poo be he eo oe ol 


kr FA FL LH HL LH Hh LH LP HL LH LH 


Notes: A: Affected 
*: Not Affected 


Table 4. Conditional Branch Insructions 


Notes: A: Affected 
*. Not Affected 


Table 5. Jump & Call Instructions 


Lome | ree | 
2 4 
Je 4 


Notes: A:Affected 
*: Not Affected 
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ST62 & ST63 INSTRUCTION SET (Continued) Table 7. Control Instructions 


Table 6. Bit Manipulation Instructions 


Notes: A: Affected 
*- Not Affected Notes: A: Affected 


*: Not Affected 


Table 8. Addressing Modes/Instruction Table 


it | Flags 
ee oor th a 


AND 

CALL X 

CLRA 

CLR , 
COM - 

CP 

DEC 

INC 

JP X 

JRC, JRNC | 
JRZ, JRNZ 

JRR, JRS X 
LD, LDI 

NOP 

RES, SET X 
RET 

RETI 

RLC 

SLA 

‘STOP, WAIT 

SUB 


INH. Inherent, DIR: Direct, SH.DIR: Short Direct, 

IND. Indirect, IMM: Immediate, PCR: Program Counter Relative 
EXT. Extended, BIT DIR: Bit Direct, BIT TEST.: Bit Test 

A. Affected 

wae Not Affected 
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ST62 & ST63 INSTRUCTION SET (Continued) 
Table 9. ST62,63 Opcode Map 


wT ba | be |e [ds |e | |e | | lo | | [Bs || os | oe | oa | 
0 1 4 7 8 
0000 | 0001 0100 0111 1000 
Hi Hi 
2 JRNZ}4 CALL}2 JRNC|5 JRR}/2 JRZ 2 JRC/4 LD/2JRNZj4 JP|2 JRNC/4 RES/2 JRZ/4 LDI/2 JRC/4 LD 
1  perj2-ext)i — perj3 bt}1 = per 1 prej]i  ind]1 = perj2—sext}i—s per}2 =o bbdj1=—s per{3. imm]1_—per|1_—_ind 
2 JRNZ|4 CALL/2 JRNC/5 JRS/2 JRZ/4 INC|2 JRC|4 “|e 4 JP 2 JRZ|/4 DEC|2 JRCI4 LD 
e abc e e x e ann e abc e b0,rr e x e ar 
ae |e ext{1 perj3 sit} 1 "hed imm}1  perj2_—_exti1_—sperj2 aca) of eae obs 
2 JRNZ/4 CALL|2 JRNC|5 JRRI2 JRZ 2 JRC!4 CP\2JRNZi4 JPj2 JRNC|4 RES|2 JRZ}4 COM|2 JRC|4 CP 
e abc e e a,(x) e abe e b4,r e a e a,(y) 
1 perj2- exti1 — per|3 bt}1 per 1 prej1 = ind|{ = perj2—sexti4.=—s per]2.—s bdi1——speri1—sinhi1 ~—sper{1 sind 
2 JRNZ/4 CALL]2 JRNC/5 JRS/2 JRZ/4 \LD/2 JRC|4 CPI]J2JRNZ/4 JP/2 JRNC/4 SET/2 JRZ/4 \LDI2 JRC|4 CP 
a Pa eo stead elel eek eel aha cena 
1 perj2-ext}1_—sper}3 bt}1 per] sd]i = prcl2. imm]i-—s perj]2_—s ext 1—s per]2—sob.d.}1 sper} sdj1 perj2_—s dir 
2 JRNZ/4 CALL|2 JRNC/5 JRR/2 JRZ 2 JRC|4 ADD|2JRNZ/4 JP/2 JRNC/4 RES/2 JRZ/2 RETI}2 JRC|4 ADD 
: a CGciitebitt es 
1 perl2- ext]1 = perj3 btl1 = per 1 preji = indji perj2  ext}1 perj2 bdj/1 peri inh}1 = per}1 ind 
4CALL]2 JRNC/5 JRS/2 JRZ}4 INC|2 JRC/4 ADDI|2 JRNZ/4 JP/2 JRNC|4 SET/2 JRZ|4 DEC/2 JRC/4 ADD 
Bode pnbboecibDibiiG 
2 ext}1 ~—sper}3 bt}1 = per} sd]1 prcj2_ imm]i-—per|2_—s ext} 1_——s per|2_ =o bbd]1__—sperj4 sd]1 perj2_—s ir 
2 JRNZ|4 CALL/2 JRNC/5 JRR/2 JRZ 2 JRC|4 INC|2JRNZ|4 JP/2 JRNC/4 RES/2 JRZ/2 STOP/2 JRC/4 INC 
ae Peete al bee eel eet 
1  perj2 ext}/1 = perj3 bti1 = per 1 preji  ind]1  perj2-ext]1  per}2 bdi1 perf inh}1  per}1 — ind 
2 JRNZ/4 CALL|2 JRNC|5 JRS!2 JRZ|4 LD|2 JRC 2JRNZ|4 JP|2 JRNC|4 SET|2 JRZ|}4 \LDj2 JRC}4 INC 
a Pe eee ald bela 
1  peri2 ext/1  pceri3  btl1 peri1  sdj1 pre 1  peri2  extl1 perl2 bdl1 perl sdi1 perl2—s dir 
2 JRNZ/4 CALL|2 JRNC|5 JRR/2 JRZ 2 JRC/4 LD/2JRNZ/4 JP/2 JRNC|4 RES/2 JAZ 2 JRC/4 LD 
Satie Beodciatmne 
1 perj2 extli = per/3 bt}1 per 1 prc{t indj1 = perf2exti1 = perli2 bdl1_ per 1 perli ind 
2 JRNZ|4 CALL|2 JRNC/|5 JRS|2 JRZj4 INC|2 JRC 2JRNZ}4 JP/2JRNC/4 SET/2 JRZ/4 DEC/2 JRC|4 LD 
Bode Dibbnombntbbor 
1 perj2- exti1 = perj3 bt}1  perj1  sdj1_ pre 1  perl2  ext/1  perj2 bd}1_ perii sdj1 perj/2_—s dir 
2 JRNZ|4 CALL|2 JRNC|5 JRRA/2 JRZ 2 2JRNZ/4 JP/2 JRNC/4 RES/2 JRZ/4 RLC/2 JRC/4 AND 
stele abc e e abc e b5,r e a e 
1 perj2-extii ——perj3 bt}1 per 1 1 perl2 exti1 perf2 bdji perj1  inh}1 — per]i_ i 
2 JRNZ/4 CALL|2 JRNC|5 JRS/2 JRZ/4 LD/2 2JRNZ/4 JP/2JRNC/4 SET/2 JRZj4 LD/2 JRC|/4 AND 
1 perj2-ext}1_—sperj3 bt}1 = per| 4 sd] 1 imm]1per}]2—sext}/1.——s per]2.—s bd} per}4 sdji  perj2_— dir 
2 JRNZ|4 CALL|2 JRNC|5 JRR}i2 JRZ 2 2JRNZ}4 JP)}2 JRNC/4 RES|2 JRZ|}2 RET|2 JRC}4 SUB 
PF cx abc e e e abe e b3,r e e 
1 perl2 ext/1 = perji3 —btl1 ~—sper 1 ind{1. = per}2—s ext}1 =—s per{2. ssbb dj1-~—sperj1—sinh}1~—sper}1 ind 
2 JRNZ/4 CALL|2 JRNC|5 JRS/2 JRZ 2 2JRNZ|4 JP|2 JRNC/4 SET/2 JRZ/4 DEC/2 JRC|/4 SUB 
1 perj2-ext}1 —s per|3 bt]1 = per 1 immj1  perj2  ext]1  per]2 bdli peri sdj1 per]2_~—s dir 
2 JRNZ}4 CALL|2 JRNC|5 JRR/2 JRZ 2 JRC/4 DEC|2 JRNZj4 JR}2 JRNC|4 RES/2 JRZ/2 WAIT|2 JRCI4 DEC 
Boiie Sombitiicietiinitat 
1 per}2-ext}1 —s perj3 bt]1 per 1 prejt = =ind}1 = perj2—ext}|1 = per}]2. Sob dj1-—sperj1_—sinh]1_~—sperji sind 
2 JRNZ/4 CALL!]2 JRNC/5 JRS/2 JRZ/4 LDi2 JRC 2JRNZ/4 JP/2JRNC/4 SET/2 JRZ/4 LD/2 JRC/4 DEC 
1 perj2- ext}]1 —per]3 bt}1 = per} sd] 1 1 perj2 ext}? = perj2 bdl1_ perj sdj1 perj2_—_ dir 


age tl for Addressing Modes: Legend: ; 

ir irect # Indicates Illegal Instructions 

sd Short Direct e 5 Bit Displacement Say d a all 
imm Immediate b 3 Bit Address pa” 

inh Inherent rr 1byte dataspace address Bytes 

ext Extended : nn 1 byte immediate data Addressing Mode 

b.d Bit Direct abc 12 bit address 

bt Bit Test ee 8 bit Displacement 


per Program Counter Relative 
ind Indirect 
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ST62 & ST63 INSTRUCTION SET (Continued) 
Table 10. Instruction Set Cycle-by-Cycle Summary 


Indirect Addressing Mode 


Opcode Address(*) 


Opcode (*) 
Opcode Address +1 


Next Instruction 


ROM 
Data Space 


Decode Opcode 


ADD, AND, CP, Read Operand Address 


DEC, INC, LD, 


ADD, AND, CP, 
DEC, INC, LD, 


ADD, AND, CP, 
DEC, INC, LD, 
RES, SET, LSA, 


SUB, CLR 


ADD, AND, CP, 
DEC, INC, LD, 
RES, SET, LSA, 


SUB, CLR 


ADDI, ANDI, 


CPI, LDI, 
SUBI 


eS 
_ — oo 


DEC, INC, LD 


-fON— 


hon — 


“Jove 


Opcode Address +1 
Opcode Address +1 


Opcode Address(*) 
Opcode Address +1 
Opcode Address +1 
Data Space Rom Add 


Next Instruction 
Next Instruction 


Opcode (*) 
Next Instruction 
Next Instruction 
Rom Data (#) 


Direct Addressing Mode 


Opcode Address(*) 
Opcode Address +1 
Opcode Address +1 (*) 
Opcode Address +2 


Opcode Address(*) 
Opcode Address +1 
Opcode Address +1 (*) 


Data Space Rom Add. (*) 


Opcode (*) 
Operand Address 
Operand Address(*) 
Next Instruction 


Opcode (*) 

Operand Address 
Operand Address(#) 
Rom Data (#) 


Immediate Addressing Mode 


Opcode Address(*) 
Opcode Address +1 
Opcode Address +1(*) 
Opcode Address +2(*) 


Opcode Address(*) 

Opcode Address +1 
Opcode Address +2 
Opcode AdDress +3 


Opcode Address(*) 
Opcode Address +1 (*) 
Opcode Address +2 (#) 
Data Space Rom Add. 


Opcode (*) 
Immediate Operand 
Immediate Operand 
Next Instruction 


Opcode (*) 
Register Address 
Immediate Operand 
Next Opcode 


Opcode (*) 
Register Address 
Immediate Operand 
Rom Operand (#) 


Short Direct Addressing Mode 


Opcode Address(*) 
Opcode Address +1 
Opcode Address +1 
Opcode Address +1 


Opcode (*) 

Next Opcode 
Next Opcode 
Next Opcode 


Read Operand 
Execute Instruction 


Decode Opcode 

Read Operand Address 
Read Operand 

Execute Instruction 


Decode Opcode 
Address Data Space 
Read Operand 
Execute Instruction 


Decode Opcode 
Address Data Space 
Read Operand 
Execute Instruction 


Decode Opcode 
Idle 

Read Operand 
Execute Instruction 


Decode Opcode 

Read Register Address 
Read Immediate 
Operand 

Write Operand To Reg. 


Decode Opcode 

Read Register Address 
Read Immediate 
Operand 

Write Operand To Reg. 


Decode Opcode 


Define Data Space Add. 


Read Operand 
Execute Instruction 


not Ad- 
dressed 


ROM 
Data Space 
Addressed 


ROM 

Data Space 
not Ad- 
dressed 


ROM ° 
Data Space 
Addressed 


ROM 

Data Space 
not Ad- 
dressed 


ROM 
Data Space 
Addressed 


Notes: ‘*. Valid only at the beginning of the cycle 


#. Valid only unti t 18 of the cycle 
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ST62 & ST63 INSTRUCTION SET (Continued) 
Table 10. Instruction Set Cycle-by-Cycle Summary (Continued) 


Other Instructions 


‘ . Decode Opcode 
1 Opcode Address(*) Opcode (*) : 
CALL 2 Opcode Address +1 Subroutine Address Wakil tear iad 
3 Opcode Address +1 Subroutine Address Calculate Subroutine 
4 Opcode Address +2(*) Next Instruction Add 
* * Decode Opcode 
1 Opcode Address(*) Opcode (*) 
2 Opcode Address +1 Next Opcode Calculate Acc. Address 
COM 3 O Read Accumulator 
pcode Address +1 Next Opcode Complement Accumula.” 
4 Opcode Address +1 Next Opcode ee P 


Calculate Interrupt Add. 
INTERRUPT 1 Next opcode address Next Opcode (*) Push Return Address Note 1 
Switch Flag Set 
Opcode Address(*) Opcode (*) Decode Opcode 
JP opcode Address +1 Jump Address Idle 
opcode Address +1 Following Instr. Read Jump Address 
opcode Address +2 Following Instr. (*) Calculate Jump Address 


JRC, JRNC, Opcode Address(*) Opcode (*) Decode Opcode 
JRZ, JRNZ Opcode Address +1 Following Instr. Calculate Offset 


Opcode Address(*) Opcode (*) Decode Opcode 
Opcode Address +1(*) Operand Address (*)| Read Operand 

JRR, JRS Opcode Address +2(*) Branch Value Test Operand Data Space 
Opcode Address +2(*) Branch Value (*) Fetch Branch Value not Addressed 
Opcode Address +3(*) Following Instr. Calculate New Address i 


ROM 
Data Space 
Addressed 


1 Opcode Address(*) Opcode Decode Opcode 

2 Opcode Address +1(*) Operand Address (*)}_ Read Operand 

3 Data Space Rom Add.(#) | Rom Data (#) Test Operand 

4 Opcode Address +2(*) Branch Value (*) Fetch Branch Value 

5 Data Space Rom Add.(#) | Rom Data (#) Calculate New Address 
1 Opcode Address(*) Opcode (*) Decode Opcode 

2 Return Address Next Opcode Pop Return Address 

1 
2 


* * Decode Opcode 
Opcode Address(*) Opcode (*) 
RET! Return Address Next Opcode Sm Fine a 


Opcode Address(*) Opcode (*) Decode Opcode 
Opcode Address +1 Next Opcode Calculate Acc. Address 
Opcode Address +1 Next Opcode Read Accumulator 


ans oat 


Opcode Address +1 Next Opcode Shifted 


#. Valid only until t18 of the cycle 
1. Add oscillator build up time plus 16 oscillator clocks if a stop instruction has been executed before the interrupt occured 


Notes: *. Valid only at the beginning of the cycle 
y 
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ST62,63 Instruction Set Description 


ADD 
Addition 


Mnemonic: ADD 
Function: Addition 
Description: The contents of the source byte is added to the accumulator leaving the result in 


the accumulator. The source register remains unaltered. 


Operation: dst < dst + src 


The destination must be the accumulator. 


Opcode (Hex Bytes | Cycles 
ADD dst,src 


ADDA,A 5F FF 
ADD A,X 5F 80 2 
ADDA,Y 5F 81 


2 
: 
: 
Tapani SSC~=“—~s~‘sSC PP 


as 


’ Notes: 


rr. 1 Byte dataspace address. 
A: Zis set if the result is zero. Cleared otherwise. 


C is cleared before the operation and than set if there is an overflow from the 8-bit result. 


Example: If data space register 22H contains the value 33H and the accumulator holds the 
value 20H then the instruction, 


ADD A,22H 


will cause the accumulator to hold 53H (i.e. 33420). 


Addressing Modes: Source: Direct, Indirect 
Destination: Accumulator 
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9162,63 Instruction Set Description 


ADDI 


Addition Immediate 


Mnemonic: ADDI 
Function: Addition Immediate 
Description: The immediately addressed data (source) is added to the accumulator leaving the 


result in the accumulator. 


Operation: dst <— dst + src 
The destination must be the accumulator. 


Instruction Format Opcode (Hex) Cycles 


ADDI dst,src 


Notes: 
nn. 1 Byte immediate data 
A: Zis setif result is zero. Cleared otherwise 
C is cleared before the operation and than set if there is an overflow from the 8-bit result 


Example: If the accumulator holds the value 20H then the instruction, 
ADD! A,22H 
will cause the accumulator to hold 42H (i.e. 22+20). 


Addressing Modes: Source: Immediate 
Destination: Accumulator 
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ST62,63 Instruction Set Description 


Mnemonic: 
Function: 


Description: 


Operation: 


AND 
Logical AND 


AND 
Logical AND 


This instruction logically ANDs the source register and the accumulator. The result 
is left in the destination register and the source is unaltered. 


dst <—src AND dst 
The destination must be the accumulator. 


Notes: 
rr. 1 Byte dataspace address 


* 


. Cis unaffect 


A. Zis set if the result is zero. Cleared otherwise. 


Example: 


Addressing Modes: 


If data space register 54H contains the binary value 11110000 and the 
accumulator contains the binary value 11001100 then the instruction, 


AND A,54H 
will cause the accumulator to be altered to 11000000. 


Source: Direct, Indirect. 
Destination: Accumulator 
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ST62,63 Instruction Set Description 


ANDI 
Logical AND Immediate 


Mnemonic: ANDI 
Function: Logical AND Immediate - 
Description: This instruction logically ANDs the immediate data byte and the accumulator. 


The result is left in the accumulator. 


Operation: dst <— src AND dst 
The source is immediate data and the destination must be the accumulator. 


[inst Format | ‘OPCODE(Hex) | Bytes | Cycles | Flags _—| 
ANDI dst,src 


Notes: 

nn. 1 Byte immediate data 

*. Cis unaffected 

A. Zis setif the result is zero. Cleared otherwise. 


Example: If the accumulator contains the binary value 00001111 then the instruction, 
ANDI A,33H 
will cause the accumulator to hold the value 00000011. 


Addressing Modes: Source: Immediate 
Destination: Accumulator 
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| 3162,63 Instruction Set Description 


CALL 


Call Subroutine 


Mnemonic: CALL 
Function: Call Subroutine 
Description: The CALL instruction is used to call a subroutine. It "pushes" the current contents 


of the program counter (PC) onto the top of the stack. The specified destination 
address is then loaded into the PC and points to the first instruction of a procedure. 
At the end of the procedure a RETurn instruction can be used to return to the 
original program flow. RET pops the top of the stack back into the PC. 

Because the ST6 stack is 4 levels deep (ST60) and 6 levels deep (ST62,ST63), 

a maximum of four/six calls or interrupts may be nested. If more calls are nested, 
the PC values stacked latest will be lost. In this case returns will return to the PC 
values stacked first. 


Operation: PC < dst; Top of stack <—- PC 


OPCODE (Hex) Bytes Cycles 


CALL dst 


Notes: 
abc. the three half bytes of a twelve bit address, the start location of the subroutine. 
*,  C,Znot affected 


Example: If the current PC is 345H then the instruction, 
CALL 8DCH 


The current PC 345H is pushed onto the top of the stack and the PC will be loaded 
with the value 8DCH. The next instruction to be executed will be the instruction at 
8DCH, the first instruction of the called subroutine. 


Addressing Modes: Extended 
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$1T62,63 Instruction Set Description 


CLR 


Clear 


Mnemonic: CLR 
Function: Clear 
Description: The destination register is cleared to OOh. 


Operation: dst <— 0 


| sinst.Format_ | OPCDE (Hex) Bytes Cycles | Flags 
CLR dst 


CLRA DF FF 
CLR X 0D8000 
CLRY OD 81 00 


.|CLRV OD 8200 
CLR W : 


OD rr00 a 


Notes: 
tr. 1 Byte dataspace address 


A. Z set, A. C reset 

*. C,Z unaffected 

Example: If data space register 22h contains the value 33h, 
CLR 22h 


will cause register 22h to hold 00h. 


Addressing Modes: Direct 
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$T62,63 Instruction Set Description 


COM 


Complement 
Mnemonic: COM 
Function: Complement 
Description: This instruction complements each bit of the accumulator; all bits which are set to 


1 are cleared to 0 and vice-versa. 


Operation: dst <— NOT dst 
The destination must be the accumulator. 


| _inst,Format_ | OPCODE (Hex) 


COM dst 


Note: 


A: Zis set ifthe result is zero. Cleared otherwise. 
C will contain the value of the MSB before the operation. 


Example: If the accumulator contains the binary value 10111001 then the instruction 
COMA 


will cause the accumulator to be changed to 01000110 and the carry flag to be set 
(since the original MSB was 1). 


Addressing Modes: Inherent 
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ST62,63 Instruction Set Description 


CP 


Compare 

Mnemonic: CP 

Function: Compare 

Description: This instruction compares the source byte (subtracted from) with the destination 
byte, which must be the accumulator. The carry and zero flags record the result of 
this comparison. 

Operation: dst - src 


The destination must be the accumulator, but it will not be changed. 


OPCODE (Hex) 


ropax—~S~=*i are SSSC~dSCi 
ropay~—~—ir art SCSC~“~—dSCi 
Toray —s~=“‘ir Fw CSC~*dSCi 
ropaw —~—~=~‘ir ares SSSC~“~—dCSC‘i CS 

Ch 


Cycles 


a 


Note: rr. 1 Byte dataspace address 


ST60 A: Z is set if the result is zero. Cleared otherwise. 


C is set if Acc = src, cleared if Acc < src. 


ST62/63 A: Z is set if the result is zero. Cleared otehrwise. 


C is set if Acc < src, cleared if Acc > src. 


Example: _ _ If the accumulator contains the value 11111000 and the register 34H contains the 
value 00011100 then the instruction, 


CP A,34H 
will clear the Zero flag Z and set the Carry flag C, indicating that Acc > src (on ST60) 


Addressing Modes: Source: Direct, Indirect 


Destination: Accumulator 
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| ST62,63 Instruction Set Description 


CPI 


Compare Immediate 


Mnemonic: CPI 
Function: Compare Immediate 
Description: This instruction compares the immediately addressed source byte (subtracted from) 


with the destination byte, which must be the accumulator. The carry and zero flags 
record the result of this comparison. 


Operation: dst-src 


The source must be the immediately addressed data and the destination must be 
the accumulator, that will not be changed. 


OPCODE (Hex) Bytes | Cycles | Flags 
ee dst,src SS 2 ee ae 


Note: nn.1 Byte immediate data. 


ST60 A: Z is set if the result is zero. Cleared otherwise. 
C is set if Acc = src, cleared if Acc < src. 


ST62/63 A: Z is set if the result is zero. Cleared otherwise. 
C is set if Acc < src, cleared if Acc = src. 


Example: lf the accumulator contains the value 11111000 then the instruction, 
CPi A,00011100B 


will clear the Zero flag Z and set the Carry flag C indicating that Acc = src (on ST60). 


Addressing Modes: Source: Immediate 
’ Destination: Accumulator 
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$1T62,63 Instruction Set Description 


DEC 


Decrement 

Mnemonica: — DEC 

Function: Decrement 

Description: The destination register’s contents are decremented by one. 
Operation: dst <— dst-1 


| _Inst.Format_ |=) OPCODE (Hex) Bytes Cycles 
DEC dst 


a 
os 
| 
ee 
fer 
ee 

oa 


Notes: 

rr. 1 Byte dataspace address 

*. Cis unaffected 

A. Zis set if the result is zero. Cleared otherwise. 


Example: If the X register contains the value 45H and the data space register 45H contains 
the value 16H then the instruction, 


DEC (X) 
will cause data space register 45H to contain the value 15H. 


Addressing Modes: Short direct, Direct, Indirect. 
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ST62,63 Instruction Set Description 


INC 


Increment 
Mnemonic: INC 
Function: Increment 
Description: The destination register’s contents are incremented by one. 
Operation: dst <— dst+1 


|_inst. Format | OPCODE (Hex) Bytes | Cycles 
INC dst 


Tncy i 
rncv i 
rncw Sis 


z 
© 
Ss 
er) 
| 


2 
(©) 
3 
~~ 
TN 
| 


Notes: - 
rr. 1 Byte dataspace address 
*, Cis unaffected 


A. Zis set if the result is zero. Cleared otherwise. 


Example: If the X register contains the value 45H and the data space register 45H contains 
the value 16H then the instruction 


INC (X) 
will cause data space register 45H to contain the value 17H. 


Addressing Modes: Short direct, Direct, Indirect. 
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$T62,63 Instruction Set Description 


JP 
Jump. 


Mnemonic: JP 
Function: Jump (Unconditional) 
Description: The JP instruction replaces the PC value with a twelve bit value thus causing a 


simple jump to another location in the program memory. The previous PC value is 
lost, not stacked. 


Operation: PC <~ dst 


OPCODE (Hex) Bytes Cycles 


c1001 ab a 


Notes: 
abc. the three half bytes of a twelve bit address. 
*. C,Z not affected 


Example: The instruction, 
JP 5CDH 


will cause the PC to be loaded with 5CDH and the program will continue from that 
location. 


Addressing Modes: Extended 
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ST62,63 Instruction Set Description 


Mnemonic: 
Function: 


Description: 


Operation: 


JRC 


Jump Relative on Carry Flag 


JRC 
Jump Relative on Carry Flag 


This instruction causes the carry (C) flag to be tested and if this flag is set then a 
jump is performed within the program memory. This jump is in the range -15 to +16 
and is relative to the PC value. The displacemente is of five bits. If C=O than the 
next instruction is executed. 


If C=1, PC << PC +e 
where e= 5 bit displacement ° 


Notes: 


e. 5 bit displacement in the range —15 to + 16 


*. C,Z not affected 


Example: 


If the carry flag is set then the instruction, 
JRC +8 


will cause a branch forward to PC+8. The user can use labels as indentifiers and 
the assembler will autématically allow the jump if it is in the range -15 to +16. 


Addressing Modes: Program Counter Relative 
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$T62,63 Instruction Set Description 


JRNC 


Jump Relative on Non Carry Flag 


Mnemonic: JRNC 
Function: Jump Relative on Non Carry Flag 
Description: This instruction causes the carry (C) flag to be tested and if this flag is cleared to 


zero then a jump is performed within the program memory. This jump is in the 
range -15 to +16 and is relative to the PC value. The dispacement is of five bits. 
If C=1 then the next instruction is executed. 


Operation: If C=O, POC <- PC +e 
where e= 5 bit displacement 


ae a 


Notes: 
e: 5 bit displacement in the range -15 to +16 
*: C,Z not affected 


OPCODE (Hex) Bytes EE 
ee ae 


Example: . If the carry flag is cleared then the instruction, 
JRNC -5 


will cause a branch backward to PC-5. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to +16. 


Addressing Modes: Program Counter Relative 
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ST62,63 Instruction Set Description 


JRNZ 


Jump Relative on Non. Zero Flag | 


Mnemonic: JRNZ 
Function: — Jump Relative on Non Zero Flag 
Description: This instruction causes the zero (Z) flag to be tested and if this flag is cleared to 


zero then a jump is performed within the program memory. This jump is in the 
range -15 to +16 and is relative to the PC value. The displacement is of five bits. 
If Z=1 then the next instruction is executed. 


Operation: If Z2=0, PC < PC+e 


where e= 5 bit displacement 


OPCODE (Hex) 


Notes: 
e. 5 bit displacement in the range -15 to +16. 
*, C,Z not affected 


Example: If the zero flag is cleared then the instruction, 
JRNZ -5 


will cause a branch backward to PC-5. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to +16. 


Addressing Modes: Program Counter Relative 
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$1T62,63 Instruction Set Description 


Jump Relative if Reset 


Mnemonic: JRR 
Function: Jump Relative if RESET 
Description: This instruction causes a specified bit in a given dataspace register to be tested. 


If this bit is reset (=0) then the PC value will be changed and a relative jump will be 
performed within the program. The relative jump range is -126 to +129. If the 
tested bit is not reset then the next instruction is executed. 


Operation: if bit-0, PC + PC +ee 


where ee= 8 bit displacement 


OPCODE (Hex) Bytes Cycles | Flags 
a a 
JRR b,tree booott rree eee a ae ee a 


Notes: 

b. 3 bit-address 

rr. 1 Byte dataspace address 

ee. 8 bit displacement in the range -126 to +129 


*, Zis not affected 
A. The tested bit is shifted into carry. 


Example: If bit 4 of dataspace register 70H is reset and the PC=110 then the instruction, 
JRR 4, 70H, -20 


will cause the PC to be changed to 90 (110-20) and the instruction starting at that 
address in the program memory to be the next instruction executed. | 


The user is advised to use labels for conditional jumps. The relative jump will be 
calculated by the assembler. The jump must be in the range -126 to +129. 


Addressing Modes: Bit Test 
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$1T62,63 Instruction Set Description 


Jump Relative if Set 


Mnemonic: JRS 
Function: Jump Relative if set 
Description: This instruction causes a specified bit in a given dataspace register to be tested. 


If this bit is set (=1) then the PC value will be changed and a relative jump will be 
performed within the program. The relative jump range is -126 to +129. If the 
tested bit is not set then the next instruction is executed. 


Operation: If bit=1, PC <- PC + ee 


where ee= 8 bit displacement 


er OPCODE (Hex) Bytes Cycles 


JRS b,tr,ee b10011 rree +--+ 


Notes: 

b. 3 bit-address 

rr. 1 Byte dataspace address 

ee. 8 bit displacement in the range -126 to +129 


*. Zis not affected 
A. The tested bit is shifted into carry. 


Example: If bit 7 of dataspace register AFH is set and the PC=123 then the instruction, 
JRS 7,AFH,+25 


‘ will cause the PC to be changed to 148 (123425) and the instruction starting at 
that address in the program memory to be the next instruction executed. 


The user is advised to use labels for conditional jumps. The relative jump will be 
calculated by the assembler. The jump must be in the range -126 to +129. 


Addressing Modes: Bit Test 
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ST62,63 Instruction Set Description 


JRZ 


Jump Relative on. Zero Flag 


Mnemonic: JRZ 
Function: Jump Relative on Zero Flag 
Description: This instruction causes the zero (Z) flag to be tested and if this flag is set to one 


then a jump is performed within the program memory. This jump is in the range 
-15 to +16 and is relative to the PC value. The displacement is of five bits. 
lf Z=0 then next instruction is executed. 


Operation: If Z=1, PC <- PC +e 
where e= 5 bit displacement 


fuze foto 


Notes: 

e. 5 bit displacement in the range -15 to +16. 

*. C,Z not affected 

Example: If the zero flag is set then the instruction, 
JRZ +8 


will cause a branch forward to PC+8. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to +16. 


Addressing Modes: Program Counter Relative 
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ST62,63 Instruction Set Description 


LD 
Load 


Mnemonic: LD 
Function: Load 
Description: The contents of the source register are loaded into the destination register. 


The source register remains unaltered and the previous contents of the destination 
register are lost. 


Operation: dst <— src 
Either the source or the destination must be the accumulator. 


| _inst.Format_ | OPCODE (Hex) Bytes 


LD dst,src 


s 


_" 


Notes: 

rr. 1 Byte dataspace address 

*. Cnot affected 

A. Zis set ifthe result is zero. Cleared otherwise. 


Example: If data space register 34H contains the value 45H then the instruction; 


LD A,34H 
will cause the accumulator to be loaded with the value 45H. Register 34H will keep 
the value 45H. 

Addressing Modes: Source: Direct, Short Direct, Indirect 


Destination: Direct, Short Direct, Indirect 
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ST62,63 Instruction Set Description 


LDI 


Load Immediate 


Mnemonic: LDI 

Function: Load Immediate 

Description: The immediately addressed data (source) is loaded into the destination data space 
register. 

Operation: dst <— src 


The source is always an immediate data while the destination can be the 
accumulator, one of the X,Y,V,W registers or one of the available data space 
registers. 


|_inst. Format. | OPCODE (Hex) wes | Ores | __Fioge__ 


ae ae eT ae 


LDI V,nn OD 82 nn 


Notes: 
rr. 1 Byte dataspace address 
nn. 1 Byte immediate value 


*. Z,Cnotaffected 
A. Zis set ifthe result is zero. Cleared otherwise. 


Example: The instruction 
LDI 34H,45H 
will cause the value 45H to be loaded into data register at location 34H. 


Addressing Modes: Source: Immediate 
Destination: Direct 
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3162,63 Instruction Set Description 


No Operation 


Mnemonic: NOP 

Function: No Operation 

Description: No action is performed by this instruction. It is typically used for timing delay. 
Operation: . No Operation 


Note: *. C,Z not affected 


Addressing Modes: Program Counter Relative 
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$162,63 Instruction Set Description 


RES 
Reset Bit 


Mnemonic: RES 

Function: Reset Bit 

Description: The RESET instruction is used to reset a specified bit in a given register in the data 
space. 

Operation: dst (n)<-0,0<nS7 


OPCODE (Hex) Bytes Cycles 
em bit,dst 


RES b.A bo1011 FF ae ae ee 
RES b,tt bo1011 rr a ae ee eee 


Notes: 

b. 3 bit-address 

rr. 1 Byte dataspace address 
*, CZ not affected 


Example: If register 23H of the dataspace contains 11111111 then the instruction, 
RES 4,23H 
will cause register 23H to hold 11101111. 


Addressing Modes: Bit Direct 
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$T62,63 Instruction Set Description 


Return from Subroutine 


Mnemonic: RET 
Function: Return From Subroutine 
Description: This instruction is normally used at the end of a subroutine to return to the — 


previously executed procedure. The previously stacked program counter (stacked 
during CALL) is popped back from the stack. The next statement executed is that 
addressed by the new contents of the PC. If the stack had already reached its 
highest level (no more PC stacked) before the RET is executed, program execution 
will be continued at the next instruction after the RET. 


Operation: PC <—- Stacked PC 


Ec: eeaeiote ene AME eke 


Note: *. C,Z not affected 


Example: If the current PC value is 456H and the PC value at the top of the stack is 3DF 
then the instruction, 


RET 
will cause the PC value 456H to be lost and the current PC value to be 3DFH. 


Addressing Modes: Inherent 
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ST62,63 Instruction Set Description | 
RET 


Return from Interrupt 


Mnemonic: RETI 
Function: Return from Interrupt 
Description: This instruction marks the end of the interrupt service routine and returns the 


ST60/62/63 to the state it was in before the interrupt. It "pops" the top (last in) PC 
value from the stack into the current PC. This instruction also causes the 
ST60/62/63 to switch from the interrupt flags to the normal flags. The RETI 
instruction also applies to the end of NMI routine for ST62/63 devices; in this case 
the instruction causes the switch from NMI flags to normal flags (if NMI was 
acknowledged inside a normal routine) or to standard interrupt flags (if NMI was 
acknowledged inside a standard interrupt service routine). 


In addition the RETI instruction also clears the interrupt mask (also NMI mask for 
ST62/63) which was set when the interrupt occurred. If the stack had already 
reached its highest level (no more PC stacked) before the RETI is executed, 
program execution will be continued with the next instruction after the RETI. 
Because the ST6O0 is in interrupt mode after reset (NMI mode for ST62/63), RET 
has to be executed to switch to normal flags and enable interrupts at the end of the 
starting routine. If no call was executed during the starting routine, program 
execution will continue with the instruction after the RET! (supposed no interrupt is 
active). 


Operation: Actual Flags <— Normal Flags (1) 
PC <- Stacked PC 
IM <0 


(1) Standard Interrupt flags if NMI was acknowledged inside a standard interrupt 
service (ST62/63 only). 


Note: A C,Z normal flag will be used from now on. 


Example: If the current PC value is 456H and the PC value at the top of the stack is 3DFH 
then the instruction 


RETI 


will cause the value 456H to be lost and the current PC value to be 3DFH. 
The ST6 will switch from interrupt flags to normal flags and the interrupt mask is 
cleared. 


Addressing Modes: Inherent 
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$162,63 Instruction Set Description 


RLC 
Rotate Left Through Carry 


Mnemonic: RLC ° 

Function: Rotate Left through Carry 

Description: This instruction moves each bit in the accumulator one place to the left 
(i.e. towards the MSBit. The MSBit (bit 7) is moved into the carry flag and the carry 
flag is moved into the LSBit (bitO) of the accumulator. 


Operation: 


dst(0) <— C 

C <dst(7) 

dst(n+1) < dst(n),O<n< 6 

This instruction can only be performed on the accumulator. 


ae Rill at eel 
| eo 
OO 


Note: A: Z is set if the result is zero. Cleared otherwise. 
C will contain the value of the MSB before the operation. 


Example: If the accumulator contains the binary value 10001001 and the carry flag is set to 
0 then the instruction, 


RLCA 


will cause’ the accumulator to have the binary value 00010010 and the carry flag to 
be set to 1. ° 


Addressing Modes: Inherent 
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S$T62,63 Instruction Set Description 


SET 
Set Bit 


Mnemonic: SET 

Function: Set Bit 

Description: The SET instruction is used to set a specified bit in a given register in the data 
space. ; 

Operation: dst (n)<-1,0<nS7 


[inst Format | OPCODE(Hex) | Bytes] Cycles 
SET bit,dst 


SET bA bivOn1 FF eee ee 
SET br bit014 rr 


Notes: 

b. 3bit-address 

ir. 1 Byte dataspace address 
*. C,Z not affected 


| Flags | 
ae ie eee 
a ae oe 
a ee 


Example: If register 23H of the dataspace contains 00000000 then the instruction, 
SET 4,23H - 
will cause register 23H to hold 00010000. 


Addressing Modes: Bit Direct 
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$T62,63 Instruction Set Description 


SLA 
Shift Left Accumulator 


Mnemonic: SLA 
Function: Shift Left Accumulator 
Description: This instruction implements an addition of the accumulator to itself (i.e a doubling 


of the accumulator) causing an arithmetic left shift of the value in the register. 


Operation: ADD A,FFH . 
This instruction can only be performed on the accumulator. 


Note: A: Z is set if the result is zero. Cleared otherwise. 
C will contain the value of the MSB before the operation. 


Example: If the accumulator contains the binary value 11001101 then the instruction, 
SLAA 


will cause the accumulator to have the binary value 10011010 and the carry flag 
to be set to 1. 


Addressing Modes: Inherent 
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$762,63 Instruction Set Description 
STOP 


stop Operation 


Mnemonic: STOP 
Function: Stop operation 
Description: This instruction is used for putting the ST60/62/63 into a stand-by mode in which 


the power consumption is reduced to a minimum. All the on-chip peripherals and 
oscillator are stopped (for some peripherals,A/D for example, it is necessary to 
individually turn-off the macrocell before entering the STOP instruction). To restart 
the processor an external interrupt or a reset is needed. 


Operation: Stop Processor 


Note : *: C,Z not affected 


Addressing Mode: Inherent 
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$162,63 Instruction Set Description 


Mnemonic: 


Function: 


Description: 


Operation: 


SUB A,r 


SUB 


Subtraction 


SUB 


Subtraction 


This instruction subtracts the source value from the destination value. 


dst <—dst-src 


The destination must be the accumulator. 


Cr 
ee 
oe 
Cs 


Note: rr.1 Byte dataspace address 


ST60 


ST62/63 


Example: 


Addressing Modes: 


A: Z is set if the result is zero. Cleared otherwise. 
C is set if Acc = src, cleared if Acc < src. 
A: Zis set if the result is zero. Cleared otherwise. 


C is set if Acc < src, cleared if Acc > sre. 


If the Y register contains the value 23H, dataspace register 23H contains the value 
53H and the accumulator contains the value 78H then the instruction, 


SUB A,(Y) 


will cause the accumulator to hold the value 25H (i.e. 78-53). The zero flag is 
cleared and the carry flag is set (on ST60), indicating that result is > 0. 


Source: Indirect, Direct 


Destination: Accumulator 
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9162,63 Instruction Set Description 


SUBI 


Subtraction Immediate 


Mnemonic: SUBI 
Function: Subtraction Immediate 
Description: This instruction causes the immediately addressed source data to be subtracted 


from the accumulator. 


Operation: dst < dst - src 
The destination must be the accumulator. 


Inst. Format OPCODE (Hex) Bytes Cycles 
SUBI dst,sre | Zz [| ¢ 
form SO] 2 hd] CU] | 


SUBI A,nn 


Note: nn. 1 Byte of immediate data 


ST60 A: Z is set if the result is zero. Cleared otherwise. 
C is set if Acc => src, cleared if Acc < src. 


ST62/63 A: Z is set if the result is zero. Cleared otherwise. 
C is set if Acc < src, cleared if Acc > src. 


Example: If the accumulator contains the value 56H then the instruction, 
SUBIA,25 


will cause the accumulator to contain the value 31H. The zero flag is cleared and 
the carry flag is set (on ST60), indicating that the result is > 0. 


Addressing Modes: Source: Immediate 
Destination: Accumulator 
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9162,63 Instruction Set Description 


WAIT 


Wait Processor 


Mnemonic: WAIT 
Function: Wait Processor 
Description: This instruction is used for putting the ST60/62/63 into a stand-by mode in which 


the power consumption is reduced to a minimum. Instruction execution is stopped, 
but the oscillator and some on-chip peripherals continue to work. To restart the 
processor an interrupt from an active on-chip peripheral (eg. timer), an external 
interrupt or reset is needed. For on-chip peripherals active during wait, see 
ST60/62/63 data sheets. 


Operation: Put ST6 in stand-by mode 


Fee ei ae Se 
WAIT FE Sagan |p eae (Se (ee (a 


Note : *. C,Z not affected 


Addressing Modes: Inherent 
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Via A. Torlonia, 15 

Tel. (39-6) 8553960 
Telex: 620653 SGSATE | 
Telefax: (39-6) 8444474 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel.: (31-40) 550015 
Telefax: (31-40) 528835 


SPAIN 


08004 BARCELONA 
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Floor, 2" Door 

Tel (34-3) 4251800 

Telefax: (34-3) 4253674 


28027 MADRID 

Calle Albacete, 5 

Tel. (34-1) 4051615 
Telex: 46033 TCCEE 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel.: (46-8) 7936920 

Telex: 12078 THSWS 

Telefax: (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel. (41-22) 9292929 

Telex: 415493 STM CH 

Telefax: (41-22) 9292900 
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Planar House, Parkway 
Globe Park 

Tel.: (44-628) 890800 
Telex: 847458 

Telefax: (44-628) 890391 
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BRAZIL 


05413 SAO PAULO 

R. Henrique Schaumann 286-CJ33 
Tel.: (55-11) 883-5455 

Telex: (391)11-37988 “UMBR BR" 
Telefax : (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Drive Suite 307 
Tel.: (613) 829-9944 

Telefax: (613) 829-8998 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 

Lincoln, MA 01773 

Tel.: (617) 259-0300 

Telefax: (617) 259-4421 


ALABAMA 
Huntsville - Tel.: (205) 533-5995 
Fax: (205) 533-9320 


ARIZONA 
Phoenix - Tel.: (602) 867-6217 
Fax: (602) 867-6200 


CALIFORNIA 

Santa Ana - Tel.: (714) 957-6018 
Fax: (714) 957-3281 

San Jose - Tel: {453} 452-8585 
Fax: (452) 1549 


COLORADO 
Boulder - Tel: (303 449-9000 
Fax: (303) 449-9505 


FLORIDA 
Boca Raton - Tel.: (407) 997-7233 
Fax: (407) 997-7554 


GEORGIA 
Norcross - Tel.: (404) 242-7444 
Fax: (404) 368-9439 


ILLINOIS 
Schaumburg - Tel: (708) 517-1890 
Fax: (708) 517-1899 


INDIANA 

Kokomo - Tel.: eae 455-3500 
Fax: (317) 455-3400 

Indianapolis - Tel.: (317) 575-5520 
Fax: (317) 575-8211 


MICHIGAN 
Livonia- Tel.: (343) 953-1700 
Fax: (313) 462-4071 


MINNESOTA 
Bloomington - Tel.: (612) 944-0098 
Fax: (612) 944-0133 


NORTH CAROLINA 
Cary - Tel.: (919) 469-1311 
Fax: (919) 469-4515 


NEW JERSEY 
Voorhees - Tel.: (609) 772-6222 
Fax: (609) 772-6037 


NEW YORK 
Poughkeepsie - Tel.: taia 454-8813 
Fax: (914) 454-1320 


OREGON 
Lake Oswego - Tel.: (503) 635-7650 


TENNESSEE 
Knoxville - Tel.: (615) 524-6239 


TEXAS 

Austin- Tel. (512) 502-3020 
Fax: (512) 346-6260 

Carrollton - Tel.: (214) 466-8844 
Fax: (214) 466-8130 

Houston- Tel.: (713) 376-9936 
Fax: (713) 376-9948 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 


Montgomeryville - Tel: (215) 361-6400 
Fax: (215) 361-1293 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel. (61-2) 5803811 

Telefax: (61-2) 5806440 


VICTORIA 3168 NOTTING HILL 
11 Business Park Drive 

Tel. (61-3) 558 9993 

Telefax: (61-3) 558 9997 


CHINA 


SHANGHAI 200233 

1008-10 Astronartics Building 
222 Cao Xi Road 

Tel. (021) 472-5415 

Telefax: (021) 472-6814 


SHENZHEN 

Flat J, 22/F 

38 Dungmen Nanlu 
Postal N. 518-001 

Tel. (0755) 228-0035 
Telefax: (0755) 228-0035 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel. (852) 8615788 

Telex: 60955 ESGIES HX 
Telefax: (852) 8656589 


INDIA 


NEW DELHI 110019 

Liaison Office 

3rd Floor, F-Block 

International Trade Tower 
Nehru Place 

Tel. (91-11) 644-5928/647-9415 
Telex: 031-70193 STMI IN 
Telefax: (91-11) 6443054 


SALES OFFICES 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 

PJ Industrial Park 

Jalan Kemajuan 12/18 

Tel.: (03) 758 1189 

Telefax: (03) 758 1179 


PULAU PINANG 10400 

4th Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel. (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam- -Gu 

Tel. (82-2) 553-0399 
Telex: S@SKOR K29998 
Telefax: (82-2) 552-1051 


TAE-GU 

18th Floor Youngnam Tower 
111 Shinchun-3 Dong 
Tong-Ku 

Tel. (053) 756-9583 

Telefax: (053) 756-4463 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Ss aoe! Park 2 
Tel. (65) 48214 

Telex: RS 36201 ESGIES 
Telefax: (65) 4820240 


TAIWAN 


TAIPEI 

11th Floor 

105, Section 2 Tun Hua South Road 
Tel. (886-2) 755-4111 

Telex: 10310 ESGIE TW 

Telefax: (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

54 Asoke Road 
Sukhumvit 21 

Tel : (662) 260 7870 
Telefax: (662) 260 7871 


JAPAN 


TOKYO 108 


- Nisseki - Takanawa Bid. 4F 


2-18-10 Takanawa 
Minato-Ku 

Tel. (81-3) 3280-4121 
Telefax: (81-3) 3280-4131 


OSAKA 532 

Shin-Osaka Dai 2 Mori Bldg. 
3-5-36 Miyahara Yodogawa-Ku 
Tel. (81-0) 6397-4130 

Telefax: (81-0) 6397-4131 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license is eae by implication or otherwise under any patent or patent rights of S@S-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics produce are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics. : 


© 1994 SGS-THOMSON Microelectronics — Printed in Italy — All Rights Reserved 
Purchase of I?C Components by eect ed dea Microelectronics conveys a license under the Philips °C Patent. 


Rights to use these components in an I°C system is granted provided that the system conforms to the I"C Standard 
Specifications as defined by Philips. 


TM: fuzzyTECH is a Trademark of Inform Software Comp. 
SGS-THOMSON Microelectronics GROUP OF COMPANIES 


Australia - Brazil - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands - 
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A. 


Cc 


& CHLORIBE 
FREE 


Recycled and chlorine free paper 


se) 


Recycled and chlorine free paper 


Eurodis Texim Electronics B.V. 
Postbus 172 
7480 AD Haaksbergen 
Tel. : 05427 33333 
Fax : 05427 33888 


ORDER CODE: DBST6ST/4 


